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THE FETISHISM OF SCIENTIFIC MANAGEMENT. 


By Rrear ADMIRAL JoHN R. Epwarps, U.S: N:, MEMBER.* 


INTRODUCTORY. 


During the past two decades a considerable number of ag- 
gressive engineering experts have proclaimed the doctrine that 
with the adoption of scientific methods in the management of 
our railway and industrial corporations and establishments 
there would result increased profit to the employer, decreased 
cost to the producer, and easier instead of harder working 
conditions for the many employed in industrial pursuits. 

It is a doctrine rich in promises, prolific in fancies and of 
such general attractive character as to appeal to the personal 
interests of the many. When analyzed, however, the system 
is found to be substantially an effort to extend the development 


* Rear Admiral Edwards was for several years head of the Steam Engineering De- 
partment at a Navy Yard, for three years Inspector of Machinery at Wm. Cramp and 
Sons’ Ship and Engine Building Co., and for the past year has been General In- 
spector of Machinery for Naval Vessels. building on the Atlantic Coast. This varied 
experience has given him considerable opporttinity to observe the various systems of 
management,' and to discuss them with experts having practical knowledge’ of the 
subject. 
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of shop administration, cost accounting and business manage- 
ment by sequential progress methods and by a detailed, if not 
intricate, system of organization and operation. 

The recognized leader of these efficiency experts is Mr. Fred 
W. Taylor, of Philadelphia, Pa., whose research work in the 
direction of, developing advanced and progressive methods of 
tool making has made him one of the world-wide authorities 
upon that particular subject. 


QUESTION DEVELOPING INTO ONE OF COMMANDING PUBLIC 
INTEREST. 


Due to the personal efforts of Mr. Taylor and the engineer- 
ing experts who believe in his methods, the subject of scientific 
management now commands public attention to such an extent 
that the question is being thoughtfully considered from so- 
ciological, industrial, political, financial and military stand- 
points. 

The action of the United States Interstate Commerce Com- 
mission, in 1910, in investigating the request of the Eastern 
railroads to increase their freight tariff rates has had a very 
far-reaching indirect effect in causing extended and thought- 
ful consideration to be given to the study and scope of scientific 
management. 

This investigation by the Commission extended over a period 
of six months. The railroads unequivocally maintained that 
higher freight rates were essential to meet their progressively 
increasing expenditures. In resisting this increase in freight 
rates various contentions were offered by the protesting com- 
mercial organizations. Many of the claims and .contentions 
of the trade organizations were, in general, too technical to 
be understood by the public, but the catching epigram of Mr. 
Louis D. Brandeis, counsel of the Traffic Committee, that “ at 
least a million dollars a day could be saved by the railroads by 
scientific management” caught the public fancy. From that 
day the question of scientific management of particular indus- 
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tries has been somewhat intimately associated with the more 
important problem of national efficiency. Railway officials, 
industrial managers and technical experts have been forced to 
meet the attacks and arguments of the efficiency promoters. 
Particularly within the past three years the scope and purpose 
of scientific management have been carefully analyzed, and as 
a result the subject is now receiving the extended and thought- 
ful consideration of many able engineering experts, industrial 
managers and Government officials. 


BASIC PRINCIPLES OF THE SYSTEM. 


Probably no clearer exposition of the system has been made 
than that presented by Mr. Henry G. Bradlee, a member of 
the well: known Stone & Webster Company of Boston, a firm 
noted as expert authorities upon engineering and industrial 
matters. Ina paper prepared for the Congress of Technology, 
Massachusetts Institute of Technology, Mr. Bradlee thus 
analyzes the basic principles of scientific shop management : 

“Stripped of technicalities the method of the modern effi- 
ciency engineer is simply this—First, to analyze and study each 
piece of work before it is performed; second, to decide how it 
can be done with a minimum of ‘wasted motion and energy; 
third, to instruct the workman so that he may do the work in 
the manner selected as most efficient. 

“ There is nothing fundamentally new in this method. The 
underlying principle is being used today to a greater or less 
extent in all industries and has, no doubt, been used at all times 
in the past. Let us keep this fact just as clear in our minds 
as possible. 


“ The method as employed by the modern efficiency engineer 
is distinctive, not because it is new, but because it is carried 
to much greater detail. 

“The modern efficiency engineer is not content to plan out 
work along broad general lines. He proposes to go at it ina 
more scientific spirit. He plans to make a systematic study 
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of every detail and obtain maximum efficiency through pre- 
venting waste and loss at each and every point. 

“With this in view he watches every motion of the work- 
man’s hands and body. If any unnecessary movement is made 
he tries to change the conditions under which the work is 
carried on or gives instructions to the workman so that the 
wasteful act may be avoided in the future. Every motion 
made and every bit of energy expended must be made to yield 
useful results in so far as this is possible. 

“The form of organization adopted naturally has the same 
end in view. The number of overseers, supervisors, experts 
and specialists, in proportion to the number of workmen is 
materially increased. 

“Special accounting systems are adopted to show at a 
glance what proportion of the cost of a piece of work is neces- 
sary and what proportion is caused by waste of energy. The 
information so obtained is used as a guide to prevent waste in 
the future. 

“The workman is encouraged to codperate through the use 
of a bonus system which aims to give the highest pay to the 
most éfficient worker. 

“These methods applied in certain cases have produced some 
very surprising and satisfactory results, but it is by no means 
a necessary conclusion that they can be universally applied with 
equal success. 

“ As I have already indicated, we are all of us familiar with 
the general principles underlying the methods of the efficiency 
engineer; many of us make frequent use of these principles in 
the conduct of our business. I think I am correct in saying 
that in the business with which I am connected every general 
principle and every detail method which has been suggested 
by the efficiency engineer has been used at one time or another 
and many are in use today. 

“The subject is then a familiar one to all of us; the problem 
presented is not the adoption of something entirely new; but 

rather the extension to every detail of our work of something 
which we have already tried.” 
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LITERATURE UPON THE SUBJECT. 


The literature upon the subject is not very extensive, but is 
of striking character in two respects. The wholesale condem- 
nation of administrative organization and shop management 
is its central key note. This spirit of condemnation is re- 
flected in statements like the following: 

“ Tnefficiency is not a local evil. . . . It extends through the 
whole of American life. . . . This inefficiency of effort per- 
vades to a greater or less degree all American activities. . . . 
Inefficiency similar to that in the manufacturing shops exists 
in all building operations to the same or even greater extent. 
. . . The United States and State Agricultural Bureaus have 
determined like inefficiencies in farming operations. . . . In 
our whole educational system there is the same inefficiency.” 

There is no feature of American industrial affairs that ap- 
pears to have escaped the condemnation of -these efficiency 
managers. It is asserted that “ The American railroad, by the 
most advanced engineering and industrial methods, carries an 
absurdly small net load for an absurdly small distance at an 
unnecessarily high cost.” And yet in an address by Mr. 
Frank Trumbull, Chairman of the Board of Directors of the 
Chesapeake & Ohio Railway Company, he states: 

“Tf you should write a letter to an American railroad official, 
his corporation will have to haul a ton of freight—2,000 pounds 
of average freight, coal, ore, silks, ostrich feathers and every- 
thing—for more than two and one-half miles to get. money 
enough to buy a postage stamp to send you an answer.’’ 

With the wholesale condemnation of. American. efficiency, 
the literature is replete with. superlatives telling of the effi- 
ciency accomplishments of the professional scientific manage- 
ment experts. These experts appear to have had the most 
remarkable success in directing the affairs of others, if their 
own statements and conclusions are founded upon facts. 

The literature likewise abounds in. platitudes, truisms and 
proverbs concerning the importance of. efficiency and the, ne- 
cessity of preventing waste. The average industrial manager 
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has neither the desire, inclination nor time to controvert doc- 
trines of such nature. 

The trend of this literature does not appeal to intelligent 
labor nor does it impress industrial managers with its sound- 
ness of doctrine. Such expressions as “ instruction cards for 
workmen,” “ time studies,” “ differential piece-work system,’ 
“ stop-watch studies,” “speed bosses,” ‘tasks’ and “sys- 
tematic soldiering’’ do not commend themselves to the self- 
respecting mechanic. The wholesale denunciation of existing 
industrial management is resented by administrative officials. 

The promises of higher dividends, reduced operating ex- 
penses and augmented output naturally appeals to every stock- 
holder who is looking for increased returns upon his invest- 
ment. - As in the case of other emotional propositions, how- 
ever, the system is more successful in obtaining converts than 
in holding them to the faith. 

One is surprised, if not astonished, to find that the sup- 
porters of scientific management have been permitted prac- 
tically to take unto themselves the literary field in regard to 
industrial management. It has only been within the past two 
or three years that there has been even any individual earnest 
effort to controvert the doctrine. The neglect to state the 
other side of the proposition has probably been due to three 
reasons: First, the general inclination to encourage and favor 
any effort to promote efficiency and reduce waste; Second, the 
indifference of many manufacturers and managers to the work 
and purpose of the efficiency experts, it being considered that 
the agitation was of an ephemeral nature and that it was not 
founded upon either fact or experience; Third, the contempt 
with which many executive officials resent the general proposi- 
tion that the average scientific management expert could secure 
help, go to a mill or enter a shop and solve problems which 
those in charge of management had not been able to solve with 
years of experience, with patient research work and experi- 
ment, and with the benefit of traditions of the business. 

Conservative industrial leaders are just coming to a realiza- 
tion concerning the depth and extent to which the doctrine has 
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soaked into the public mind and the marked favor in which 
the system is held by certain elements of the general public: 
It is quite probable that from henceforth the literature upon the 
subject will not be of such one-sided character. 


THE SCOPE OF THE SYSTEM. 


The efficiency experts primarily intended to confine their 
operations to éffecting improvements in shop management, but 
during the past few years their aspiration and scope’ have 
greatly broadened. The most progressive and competent of 
them now maintain that scientific: management is more néces- 
sary in the conduct of administrative affairs than in that of 
shop management. 

It is significant that the trend of development is thus in the 
direction of securing a more efficient administrative staff. The 
effort to commence reforming thé methods of the unskilled 
laborer seems to be giving way to the purpose of securing a 
more systematic and efficient industrial directive organization. 
It is therefore probable that the business researcher will super- 
sede the efficiency expert, since success in promoting efficiency 
is more likely to be obtained by a comprehensive study of every 
feature of an industrial organization than by assuming that 
the essential weakness of management can be located in the 
producing department. _ 

Concentration of effort’ in the study and investigation of 
manufacturing and operating problems alone will never meet 
the demands of successful business administration. The econ- 
omies strained after in the production department are often of 
minute character. In reference to this matter, Mr. H. F. 
Stimpson, Chief Engineer of the Universal Audit Company, 
New York City, thus writes: ag 

“Practical examples of the mistake of putting operating 
experience in the saddle will come, readily to mind. In steel 
manufacture they are frequently measured in cents per ton 
of product. Yet mistakes in cost finding, in the price at which 
product is sold, in the price paid for materials, or in credit 
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impropetly extended, may often neutralize all that the best 
equipped manufacturing department has accomplished in low- 
ering the unit of production cost. President Farrell, of the 
United States Steel Corporation, said in an address before the 
New York meeting of the American Iron and Steel Institute: 

““* Without any desire to belittle the practical value and .im- 
portance of effecting a saving in cost production, however 
small, it has always seemed particularly hard on the men who 
have accomplished what may appear as an insignificant reduc- 
tion of the previous month’s costs of producing pig iron or 
ingots or wire rods, to have this saving in mill costs dissipated 
by the sales department ‘ quietly meeting the market’ with a 
reduction of $1 or $2 per ton at the first sign of any cloud on 
the commercial horizon. Good salesmanship and sound busi- 
ness principles in the conduct of, the selling of iron and steel 
are just as essential and vital to the low cost as up-to-date 
machinery and manufacturing practice.’ ” 


BASIC PRINCIPLES OF SYSTEM ENUNCIATED OVER A CENTURY 
AGO. 


In reference to the development of the system Mr. John 
Calder, Manager, Remington Typewriter Works, thus com- 
ments : 


“The minute sub-division.or processes in manufactures 
was predicted and its advantages set forth in 1776 by Adam 
Smith, the Scotch philosopher at the University of Glasgow 
and the gifted author of ‘ The Wealth of Nations.’ 

“Sixty years later the principle was firmly established, and 
Charles Babbage, the noted English mathematician and mech- 
anician, described in 1834 in his ‘Economy, of Machines and 
Manufactures’ the minute division of labor possible in repeti- 
tion work in his day in various industries. He also furnished 
a complete philosophy of the subject and examples of calcula- 
tions as to the limits of reasonable investment in labor-saving 
machinery. 
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‘Industries, such as textiles, in which machinery reigned 
supreme at a very early stage, were most affected by the new 
principle which evolved quite naturally with the dawn of 
modern industrialism. 

‘‘In our own day practical political economy has been some- 
what neglected: by engineers, and: three-quarters of a century 
after Babbage we find the division of labor by machines car- 
ried much farther than the divisions of handicrafts which he 
also advocated and described.” 


LIMITATION IN EFFICIENCY METHODS OF OPERATION. 


Even where conditions appear favorable to efficiency meth- 
ods we find important limitations to their adoption. In regard 
to this special feature of the question, Mr. Bradlee, of the 
Stone & Webster Company, thus comments: | 

“Low cost of operation or of manufacture is, after all, only 
one factor out of many to be considered in measuring indus- 
trial efficiency. It frequently happens that the lowest cost can 
only be secured through sacrificing other and more important 
factors. Let us consider some examples. 

“We use a special delivery stamp, send a telegram in place 
of a letter, or ship merchandise by express instead of freight 
because saving in time is more important than saving in ex- 
pense, or because there are advantages in extending our busi- 
ness over a considerable area and this can only be done by using 
these methods, 

“The steam railroads increase their operating costs per ton 
mile by operating express service. By doing this they have 
helped to build up industries which could not otherwise exist. 
We are glad to pay this extra cost so that we may no longer 
be.dependent on a local supply of fruits and other perishable 
goods. ; 

“Tn construction work we frequently adopt methods which 
might be considered extravagant, if we overlooked. the ad- 
vantages which come from the completion of the work by a 
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certain date. Delay in completion is often’ far more serious 
than quite a considerable increase in cost of work. 

“It is often mote economical for a street railway to attach 
trailers to its regular car to handle rush-hour business than 
to operate additional motor cars. The public, unfortunately, 
do not like trailers and; here again, the railway decides that 
public good-will is more important than a slight saving in ex- 
pense. j 

“A very simple case will illustrate how efficiency: in one 
direction may conflict with efficiency in another. The crew 
on a locomotive have three duties: first, safety of the train 
and its contents; second, the maintenance of schedules, and, 
third, operation of the locomotive at the lowest possible cost. . 
Let us suppose the railroad is making a special effort to im- 
prove fuel economy. The locomotive crew became very much 
interested in the matter and the first year they succeeded in 
saving several hundred dollars worth of coal. The second 
year they decide to do even better, but one day when they are 
trying to make a_particularly good coal record they run by a 
signal, wreck the train and kill a dozen passengers. How 
shall we measure efficiency in this case? Coal efficiency is 
high, accident efficiency is low; the two are always somewhat 
in conflict. It would have been much better for this road to 
have burned a little more coal and avoided the accident. 

“The spirit which runs through an organization, its esprit 
de corps, is an important factor in its success or failure. A 
superintendent or foreman who has the faculty of keeping his 
men always happy and contented, even though he is, at times, 
somewhat extravagant, may be more valuable and more truly 
efficient than another who is able to get a little more work out 
of his men but who keeps them continually growling and 
grumbling against the business and their employer. 

“In these few examples we see that diversified industries, 
public health, safety and welfare, speed of action, time of com- 
pletion, esprit de corps, quality and quantity of service, public 
good-will and patronage; all these and many others enter into 
measurement of success and efficiency.” | 
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SYSTEM ENTAILS EXCESSIVE NUMBER OF RECORDS. 


Ex-Senator Aldrich, who in many respects was the ablest 
business man that ever entered public life, declared that it 
was through simplification of government business methods 
that the most material reduction in national expenditures could 
be brought about. The several executive departments of the 
Government, as well as the leading railway and industrial cor- 
porations, are progressively reducing the number of their 
records. 

The trend of scientific management, however, is to increase 
the clerical force several fold. This feature alone has a ten- 
dency to discredit its value in the minds-of those who believe 
that too many, rather than too few, records are now being 
kept. 
Several years ago one of the most noted engineering experts 
of the cotintry was retained to revise shop methods and im- 
prove -the product of an established concern whose business 
had been progressively decreasing. It appears that it had been 
the practice of the firm to attach exceptional importance to’ the 
work of determining in detail the cost of each part of every 
article mannfactured. The engineering expert found so many 
records and card indexes that he epigrammatically stated that 
it appeared to him as if the man who had designed such a cost 
accounting system must have had a personal interest in some 
stationery establishment. 

There is a tale extant of a certain flag lieutenant in the 
Navy who, upon being told of the fruitless night-and-day 
effort of his predecessor to dispose of matters pending, threw 
all these records into the sea with the remark that he would 
start with a new slate. The story goes that there were but 
few of these documents concerning which further inquiry was 
ever made; and that when special inquiry was made regarding 
a particular paper, the officer making inquiry was simply di- 
rected to start the correspondence anew. 

The trend of business management has been to simplify the 
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character and reduce the number of records, and surely scien- 
tific management is not in line with such practice. 


SUPERVISION AN IMPORTANT FACTOR IN INDUSTRIAL MANAGE- 
MENT. 


An important element of industrial success is efficient, sys- 
tematic and complete supervision by the administrative and 
technical officials of the plant. Where intelligent, considerate 
and capable supervision exists the best energies of the employés 
are aroused. Scientific management tends rather to minimize 
supervision by substituting a very comprehensive system of 
planning and routing the work. Experience shows that the 
most efficient method of keeping track of the work is by per- 
sonal: supervision, and not through a system of cards and 
records. 

One of the most successful features of the shop management 
of the Baldwin Locomotive Works is the exceptionally efficient 
and capable supervisory force employed.. In this establish- 
ment it is not considered that the resourcefulness and inventive 
talent of the plant is concentrated in either the planning or 
drafting rooms. Simple common-sense methods are em- 
ployed in routing the work, and the foremen and quartermen 
are not burdened with the work of looking out for a mass of 
records as regards the time and cost of making detailed parts. 
More accurate information is obtained from mass costing. 

The average workman. wants to do right, and he is more 
content to. have his work judged by competent. and conscien- 
tious supervisors than by intricate records. compiled and tabu- 
lated by clerks in the planning or auditing offices who can have 
no conception of his technical skill, experience and resource- 
fulness. 

Where extended personal, supervision is conducted, there 
exists definite information concerning the character, skill and 

efficiency of each individual employé, and thus the idlers can 
be selected for discharge. when work is slack. 
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PLANNING AND ROUTING OF WORK. 


In analyzing much of the literature published upon the sub- 
yect, one notes the exceptional importance attached by the 
advocates of the system to the planning and routing of the 
work through the shops. In fact such a degree of importance 
is attached to this phase of shop methods that the actual pro- 
duction _of the article or accomplishment of the task appears 
as a small factor compared with the manner in which the work 
is done. ‘Planning and routing work in a simple, practical 
and systematic manner has been coincident with shop develop- 
ment and extension, and the effort to attach undue importance 
to the planning and routing of work will not stand the test of 
time. 

Upon this phase of shop management, London “ Engineer- 
ing” thus comments: 

‘“ Scientific management postulates a system in which every 
movement of every workman is the subject of written instruc- 
tion supplied to him on cards, in which every tool to be used 
and the speed of every machine is regulated by a special de- 
partment, which again deals with the workmen who are using 
the tools and running the machines, by means of written in- 
structions. It postulates a system in which every workman is 
subject to instructions from five different foremen and three 
distinct sets of clerks, each dealing with one part of his work 
only and each acting independently from the others; and it 
postulates a system in which the route of every piece of work 
through the shops is the subject of daily written instructions 
from a special department, and in which bodies of men and 
gangs are similarly controlled in their movements by a special 
department, which in some cases works out its instructions by 
means of a sort of diagrammatic chess-board arrangement. 

“We have no quarrel with any of the methods on which 
scientific management is based if they are used within reason, 
but we simply do not believe that such a system as is outlined 
above is a practicable one for every-day life. It introduces 
some seven new links into a chain which under ordinary meth- 
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ods contains about four, and with these seven new links must 
introduce seven new possibilities of efficiency and failure. At 
each of the new stages there is always a chance of small delays 
and losses creeping in, and with ordinary men under ordinary 
conditions these delays and losses will creep in. The whole 
organization is of such complexity and delicacy that a little 
derangement of one of its parts will upset the whole working, 
while its expense must be such that savings over ordinary 
methods can only be shown if it works consistently at its best. 
The setting in motion of such a system of management shows 
a lack of appreciation of the capabilities of ordinary men for 
whom systems are made, and, in our opinion, any attempt at 
its general adoption can only end in disappointment.”’ 





CONFIDENCE AND COOPERATION. 





During the recent great railway and coal strikes in Great 
3ritain, one of the most noteworthy features observed by visit- 
ors was the unswerving confidence of the people in the ability 
of the Government to handle the situation. The reason was 
simple. The railway administrators, the various labor unions 
and the general public had implicit confidence in the integrity, 
justice and common sense of the commissions appointed to 
arbitrate the various matters. 

In some respects the most objectionable feature to the intro- 
duction of the system of scientific management is the lack of 
confidence and respect which it breeds between capital and 
labor. It is hammered into the employer that soldiering and 
loafing is the general rule upon the part of the workmen, while 
the employé is told that inefficient and wasteful methods of 
management prevail everywhere. The first impression that 
the ordinary manager would form upon reading one of the 
standard books is the general lack of efficiency, loyalty and zeal 
upon the part of those in hisemploy. In turn, a cursory read- 
ing of the same book would probably cause the average work- 
man to believe that the organization and shop management of 
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his employer are not in accord with modern business methods. 
Such literature is not conducive to mutual confidence between 
employer and employé. 


INDUSTRIAL OPERATION AND ADVANCE DEPENDS UPON MANY 
FACTORS. 


In the conduct of every enterprise it is essential that rules 
and regulations,. based upon business experience and sound 
judgment, should be established and regularly maintained. 
There are certain essential features of business management 
that must be considered in the organization of every shop, 
whether large or small, among which are the following: 

Staff and departmental organization. 

Care of stores, stock, tools and machines. 

Systematic methods of keeping time. 

Regulations concerning discipline and methods of work. 

Wage and premium system; rates for overtime. 

Use of bulletin boards and suggestion boxes, 

Systematic method of noting the progress and cost of work. 

It is unnecessary to state that the detailed list of items of 
essential elements of shop management could be ex- 
tended indefinitely. The items enumerated above are simply 
mentioned as illustrative of the fact that the ordinary shop 
should be, and probably is, operated under fairly good rules. 
The scientific management experts are, therefore. no more re- 
sponsible for the introduction of ordinary common-sense sys- 
tem of cost accounting and efficient methods of shop manage- 
ment than they are responsible for the installation in modern 
shops of either the telephone or the electric light. 

Where a remunerative business is being carried on and the 
establishment has no spirited competitors, it is exceedingly 
probable that certain lax methods may prevail both as regards 
shop practice. and management, and any practical expert, could 
probably offer suggestions that would promote efficiency. 

Increasing the ordinary capacity of a plant which has to seek 
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trade against keen and aggressive competitors is a problem 
that is more likely to be solved by those familiar with the 
industry than by one unacquainted with the business. It re- 
quires an expert of extended experience to effect improvements 
in detail, and it is not surprising, therefore, that nearly all 
connected with industrial development refuse to accept the 
doctrine, without protest, that improvement can so easily be 
brought about by men unfamiliar with the work. 

As regards improvement in cotton mills, Mr. Henry D. Mar- 
tin, Superintendent of the Lancaster, Mass., Weaving Mills, 
declares that the earning capacity of a plant depends upon 
many distinct features such as,— 


. Convenient location of plant. 

. Proper layout of buildings. 

. Right kind of machinery. 

. Correct arrangement of machinery. 

. Uniform engagement of the processes. 

. Purchase of good raw material at lowest price available. 

. Skilled manufacturing organization. 

. Homogeneous service of the entire force. 

. Maximum production. 

. Minimum account of seconds. 

. Minimum waste account. 

. Lowest degree of wear and tear. 

3. Sufficient expenditure to keep machinery in good run- 

ning order. 

. Lowest cost of production. 

. There must be a good market for the finished product 
at fair selling price. 


It might not require extended experience or marked ability 
in management upon the part of any expert to note wherein 
improvements might be effected as regards certain features 
of administration. The introduction of such changes, how- 
ever, might interfere with the operation or impair the eff- 
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ciency of other features of the plant. Criticism and condemna- 
tion as regards special features are therefore unwarranted and 
unjustifiable unless the whole fabric of organization and man- 
agement is considered in relation to apparent defects in the 
management of special shops of the industry. 

The effort to increase the producing capacity of every man 
and machine connected with manufacturing establishments has 
been coincident with the development and extension of every 
industry. The suggestion that the country possesses a con- 
tingent of efficiency experts who, after a few months study 
of an industry, can effect economies and improve the character 
of the article manufactured has met with but little approval in 
the industrial world. It may be possible for such experts to 
familiarize themselves with certain important features of an 
industrial plant, but the lack of special knowledge of even a 
few of the elements entering into the earning capacity of such 
industries would undoubtedly baffle any attempt of the average 
efficiency expert to effect any permanent improvement, or to 
bring about any substantial economies. 


REPETITION VERSUS REPAIR WORK. 


Probably no more effective argument could be advanced 
against attempting to apply an extensive system of scientific 
management for varied or repair work than by briefly show- 
ing the general character of shop methods requisite for repe- 
tion work. 

The Remington Typewriter Works is one of numerous con- 
cerns manufacturing thoroughly standardized products which, 
for periods of at least a year, they will not modify. In the 
conduct of such a business the special difficulties experienced 
by the ordinary industrial establishments are not encountered. 
Where repetition work is carried on, therefore, close attention 
can be concentrated on a limited number of definite problems, 
the satisfactory solution of which may be attained by gradual 
and experimental stages. 

The Remington typewriter contains about 2,500 highly- 

25 
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finished individual pieces, each of which passes through from 
six to thirty manufacturing operations. A. total of about 
1,000,000 interchangeable metal pieces, of several thousand 
varieties, are produced daily, and built each day into one of the 
various standard appliances turned out by the Remington 
Company. 

The buildings connected with the plant contain about 1,600 
machine tools operated by mechanical power. About 60 tools 
are operated by hand labor. The equipment likewise contains 
a large quantity of finely made and costly jigs, tools, fixtures 
and other labor-saving devices. Many of the machines are of 
such special design that they have had to be constructed at the 
works. While the greater portion of the machine tools are 
of standard make, it has been found essential to fit a consider- 
able number of them with special attachments whereby repe- 
tition work can be carried on in.an intensive manner. It 1s 
unnecessary to state that such an equipment of machinery is 
not found in any establishment where work of varied or re- 
pair character is carried on. . The manager of the works states 
that every arrangement of shop methods has been based on 
business facts and careful analysis, and not.on any precon- 
ceived fancies. No scientific claim is advanced for the man- 
agement, since the system is modified in its details whenever 
circumstances warrant such change. 

About 1,700 men are employed in the manufacture of the 
various parts of the machine. About 500 additional men are 
required to assemble the machines and to repair tools. These 
shops run almost automatically since seven-tenths of the em- 
ployés are assured of steady employment. It requires but 20 
persons to look out for the accounting as well as for the labor 
and motion-study sections. It will be observed that this small 
contingent of employés not only plan and route the work but 
likewise look out for the accounting. As regards planning, 
routing and cost accounting, the manager of the works, in an 
address before a joint meeting of the Engineering and Rail- 
road Clubs of Altoona, thus spoke: 
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“ Planning.—I do not favor the running of shops such as 
those here described, or indeed any class of manufactures, by 
fiat in every-detail.from:a central planning department. At- 
tractive as a general scheme, the complete’ centralization of the 
initiative and thinking of a“plant is neither ‘ scientific,’ eco- 
nomical nor practical. If attempted, to. square with some 
theory, it undoubtedly slows up the plant and lessens the in- 
ternal ‘ good-will,’ a most valuable asset. 

“In the works system here described each section of the 
organization in conference with the manager and superintend- 
ents has its appropriate part in planning, and complete records 
of the same are readily accessible. 

“Costing—It follows from the system of payment 
(straight-forward piece-rate system) applying to a large pro- 
portion of the employés that, in addition to the day-work 
accounting on plant maintenance and betterments, the deter- 
mining of the direct cost of a very varied product is a simple 
matter. It is needless to maintain a clerical staff large enough 
to cost every recurring order for each part. Mass costing: is 
found on this system to be more accurate than that carried: out 
continuously in great detail, but the time and quantity. cards. 
are accumulated for every order, and every part is costed by 
selection at intervals.” | 2 

The manner in which an establishment tuffing out a stand- 
ardized product is-organized, and the metho¢-of planning and 
routing work are shown ort-thé two accompanying tables. One 
has but to note the size and character.of-the typewriter parts, 
together with the fact that the cost Of the various parts were 
obtained from the record of a hundred thousand pieces of the 
same dimensions, to show the extremely narrow limitations 
within which repetition methods can be applied to repair work. 

It is because cost is the determining factor in fepetition 
work; while’speed of completion and efficiency-of output are 
the determining factors in repair work,*tliat the ‘organization 
and methods of the one plant cannot be duplicated in any es- 
sential features by the organization of the other. 








OB] poods uo [9G0C ON otmvIy 
YIN]? GY g9T"o 104 ¢ MIBEY 


YOU 4¥ OF9L9°ON 
surd Z put oggne’ONn 81102 z 
0L90C°ON JOpfoy [102 ofquiassy 








L 0 O4I8] poads uo 97906'ON J0PIOH 
“20g wn TOY Uy £49'0 Soy g MIBIY te 


MANAGEMENT. 





30001 000°00T : se8vag OL UF Poquiessy 
3 Spr000y M01Z eomendes uy SUOWwIEdD J0QUINN Ut ST 
sdo%g Suypoyouy 

oul], o8vi0ay syieg yan 























TESTS"ON YoIN[D 092 ¢ 














& 
= 
a 
5 
na 
7] 
° 
= 
2 
< 
7) 
B 
a 
te 























3 


pesn orv uour puv sf0q ‘uoulom o10ya Sopduvrg 
SLUVd PIAGVAONVHOUALNI TIVNS ONIIANASSV NI SYANYOM IO CAIdS CNY HOAVT JO NOISIAIT 











e 
z 
= 
fa 
cc) 
< 
z 
< 
= 
= 
= 
= 
z 
fa 
_ 
3) 
n 
7) 
) 
= 
2 
= 
F 
i) 





Tests ON YoanI> 
WLIo; 04 81184 4jUN ST 
O{Qmosse 07 only) OIVIZAY 


83U0d $82'E 9} TESTS’ ON YoUA[o T 
2uj[qmMesss Jo 4809 20qQ¥{ 4901;p OLY, 





Youeq 38 

ORSVO'ON sud pTu “dutod z0pjoy 
T1O2 puw ‘ZOp0L’ON Smozse g ‘OCCOE' ON 
IOAOD OUIVIZ ‘OL ENS'’ON 204oITL 

06006 ON MBF qoqn[2 O[quIESSY 


qovegs exys-110; 908 





O8}4 qouoq Uy 06006 ON 
SUF qoynN[2 0383 puv pusgT 

















oued 2 OTZL9°ON Fujsds 
PUY IzCTe’ON eqns ofquicsse 


PUY .09006'ON roysea Oy DT 


23 SUSILCLTSSTAPILEAASSTESIIELE TES EDE EEE EET EE POEDEE ERLE OES 


WWW Av Ny es 





@xngx}j Toue qITM OZOTSON 
WVYS-Uy OTOSO'ON Ud 30g 











9079 qoudG 
Uo xorg’ ON ayeys WHA 43IUIIg 











se 
eqIe]' poods wo GLoTE’ON 35BUS 
Wy 600° PUB sg0'0 sorog Z MOY 




















eusyovU Sajddez wo [9GOs'ON OmBIS 
YrrInyd Uy OS— 80'9 sefoy Z AL, 

















8 
cy 
$ 
¥ 
= 
= | 


376 FETISHISM OF SCIENTIFIC MANAGEMENT. 


ORGANIZATION OF REMINGTON TYPEWRITER WORKS. 


The organization is indicated on the chart by the! numbered and grouped func 
tions which the yarious assistants control. The figures, in parentheses, below each 


divisién on the chart indicate the total) number of émployés engaged in that 
séction. 


*. Correspondence on Orders 
[comet Orders { Stet of Finishéd Machines, Packing Room 
len Pping (42) Shipping and Billing Machines and Parts 


~~ 


By Purchasing Raw Material and Supplies 
Ano { Rec Clerk, Teams, R. R. Siding in 
i. ) Raw Material and Supply Stores 
| Finished 
parts Stock Room, Simple and Compound 
| Finished Parts and Issues all Production Orders for Parts and Mat. 


| (18) (Issues all Farts for Machine Manufacture: 


| Millwrights, Electricians, Plumbers 


Light, Heat, Power, |Accident Prevention 
Works odhleerty 

| Fire Corps, Watchmen, Yard Labor 

| 

| 

| 

| 


(90) 


Dbsigning and Tool { Inventing, Model Making, Spegifications, Catalogue 
Engineering a Designing Parts and Jigs, Toolmaking 
(106) 


| 2B ecutive Departments (363) 


9 
Inspection (38) | Materia, Work in Process and Finished, New Tools 
: 5 
. { Cashier and Bookkeeping Works ‘‘ Bulletin” 
Io. | Costing and Inventories Suggestion System 
Accounting, Labor { Industrial Betterments Foremen’s Club House 
C Motion Study | Time Records and Pay Roll | Works Band 
(20) | Rate and Method Testing | First Aid 


( Pattern Sho 
Brass Foundry 
Iron Foundry 
jepeenise 
insmith 
Drop For, 

II. Punch an Pies Work 
Manufacture of Automatic and Hand Screw 
Parts j Annealing and Hardening 
Assistant Supt. General Grinding 
and Foremen Light Drilling and Milling 

(1653) | Casttron Drilling and Milling 
Polishing 
Plating and Buffing 
Wood and Rubber Working 
Typemaking 
Assembling Compound Parts 
| Tool Maintenance 





te { Assembling Machine ane Group 
; Assembling Machine Type Bar Group 
Manufacttre of Assembling Machine Carriage Group 
Machines 
Assistant Supt: Assembling, Final Stage 
Adding Special Features 
and Foremen 
(484) Rebuilding Machines 
4°4) | School of Repairing 


Superintendent (2137) 


—-—_———--- 


va 


3.—Manufacturing Departments 








FETISHISM OF SCIENTIFIC MANAGEMENT. 
MEN ARE MORE IMPORTANT THAN MACHINES. 


One of the fundamental weaknesses of scientific manage- 
ment is due to the importance attached to the efficiency of the 
machine as compared with the efficiency of the man. The 
man frequently appears to be regarded as a hopper for feeding 
or watching the machine, it being considered that the shop 
foremen and planning experts will supply all the brain work 
required. 

The fact seems to be overlooked that the distinctive features 
of modern industrial advance have been the resourcefulness 
and. observing talent of the individual. Any attempt to dis- 
pense with the experience and originality of the artisan is 
marked retrogression. The shop practice of the past genera- 
tion invariably placed the man above the machine; and there- 
fore the best energies of the most successful administrative 
officials have been in the direction of arousing the interest and 
latent resources of the man in front of the tool. 

Scientific management calls for an intensive standardiza- 
tion of men and machines. As regards the standardization of 
men, one writer thus comments: 

“How can you standardize the strength and character of 
one man’s arm behind the rammer with another? 

“How can you standardize the clear judgment necessary in 
certain manufacturing operations? 

‘“* How can you standardize the various intellect and moral 
character of the men whom one encounters in shop manage- 
ment?” 


ECONOMY AND PROGRESSION THE NATIONAL WATCHWORD. 


The business and financial interests of the country are fully 
cognizant of the fact that this Nation has now reached a stage 
where progressive methods must be installed and rigid economy 
practiced in order to meet foreign competition. These indus- 
trial leaders, however, are also appreciative of the fact that 
any effort to resort to extremes along such lines will result in 
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harm rather than in benefit to industrial conditions. The line 
of action that the most thoughtful are working along is in the 
direction of that suggested by President Taft, in his address 
at Portland, Oregon, wherein he stated that “ A progressive 
is one who recognizes existing and concrete evils and is in 
favor of practical and definite steps to eradicate them.” Offi- 
cials who are directing progress along such practical lines are 
neither timid’ nor conservative, but rather the highest and 
best types of progressive leaders. 

Those who doubt the value of scientific management as 
outlined by Mr. Taylor are not reactionists. It is strikingly 
noticeable that the special industries which have been able to 
export their products to foreign countries are, without excep- 
tion, industries which have had nothing to do with the system. 
Surely their shop methods and business management must be 
of efficient character to have their product successfully enter 
the entire industrial field of the world against the cheaper 
labor of their European and Asiatic competitors. 


INDUSTRIAL MANAGEMENT AN ART RATHER THAN A SCIENCE. 


Science has been defined as knowledge reduced to a system, 
and art.as knowledge reduced to practice. 

Industrial and railway management deal with too many un- 
known and variable quantities to be regarded as a science. The 
administrative officials of such organizations are well content 
to reduce their knowledge, experimental research and experi- 
ence to certain flexible practices and customs, and as a rule 
the fewer the fixed practices and regulations the greater the 
efficiency. 

The efficiency experts accord too much importance to sys- 
tem and too little weight to practice. As a result the princi- 
ples of management offered by them are of such detailed, 
complicated, rigid and expensive nature as to be inapplicable 
for every-day shop needs. The installation of the whole ma- 
chinery of scientific management has been very seldom at- 
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tempted, and it is the rare exception where such installation 
has been permitted to continue for even a few years. 

Some of the problems that these experts recommend to be 
worked out in individual establishments should only be at- 
tempted under commonwealth or national agencies, and then 
only under conditions where such experimental efforts would 
not interfere with regular current. work. 


NORMAL OUTPUT AN AID TO EFFICIENCY. 


Probably no factor counts higher for efficiency and economy 
of output than that of a constant normal production. _Where 
the output is,of a constant normal character, substantially 
accurate data as regards cost accounting can be. obtained. 
Friction between employer and employés ought then be reduced 
to a minimum, for when labor is assured of steady employment 
it puts a personality into its work that makes for efficiency, 
economy and endurance. 

Probably the great majority of plants that are operated un- 
der constant normal conditions are not of large size, since 
competition is too keen to permit great industries to be oper- 
ated under such satisfactory conditions. Where normal out- 
put is the rule confidence generally, exists between the execu- 
tive officials and the employés. Substantially any, system of 
management can be attempted at such plants with the assured 
expectation that it will be given a fair trial. 

There are hundreds of plants. operated under constant nor- 
mal conditions, and in many cases they are the principal if not 
the only industrial establishments located in the vicinity. 
Under such conditions labor is exceedingly yielding if not loyal 
to management, and it would appear as if such plants offered 
ideal conditions for the installation of scientific efficiency 
methods. It is exceedingly doubtful if any scientific system 
of management has ever been put in operation or even at- 
tempted in a dozen of these establishments, even, though it 
appears to. be logically adaptable for such industries, and 
surely this testimony ought to be of value in showing how 





380 FETISHISM OF SCIENTIFIC MANAGEMENT. 


exceedingly inapplicable such system appears for general re- 
pair plants, shipbuilding yards and naval stations. 

If manufacturing plants, therefore, which turn out a con- 
stant normal output of standard articles do not find the system 
applicable to their needs, wherein is the justification for its 
installation at a navy yard where the work is not only of repair 
nature but likewise varies in extent and character? The mili- 
tary engineering needs of the fleet should be the determining 
factors in the permanent organization of our navy yards, and 
efficiency results should be regarded as of more importance 
than stop-watch and time-card methods. 

The measure of efficiency for the navy yard for the day of 
battle should best be determined by the character, endurance 
and rapidity of repairs and not by the cost as gathered from 
time cards whose accuracy may even be questioned. 


EXTENT OF DEVELOPMENT OF THE SYSTEM. 


The glittering generalities and the catching epigrams that 
have been so diplomatically and successfully used in telling of 
the advantages resulting from the operation of the system have 
undoubtedly caused quite a considerable number of plants to 
attempt to follow, at least in part, the methods inaugurated 
by Mr. Taylor. The system has therefore been introduced 
into probably a sufficiently large number of shops of diversi- 
fied character to thoroughly test its value. The general worth 
of the system ought to be fairly definitely determined by this 
time by the industrial managers of the country. 

From the best information obtainable the system has been 
adopted in its entirety by only a very few firms. In a con- 
siderable number of cases it has been a simplification of the 
system that has permitted it to remain in existence. The gen- 
eral opposition and resentment shown by the great majority 
of shops which have tested the system best tell of its unsatis- 
factory character. 

The system does not wear well, and for this reason only a 
proportionately small number of the plants which have tried it 
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are still using it. The cost of installation generally, if not 
invariably, far exceeds the estimate, and this is due to the fact 
that the efficiency experts are often without practical knowl- 
edge of the special industry. whose methods they attempt to 
revise. As'one manufacturer stated, once you permit’ such 
experts to attempt to revise shop and management’ methods, 
it will be found excéedingly difficult to get them out of: the 
plant, ‘since their professional pride if not their conscience 
prompts them to remain on the job until they can develop or 
perfect some system that will compare; at least passably, with 
the organization that they propose to supplant. 

After months of careful inquiry the writer has been unable 
to learn the names of even a dozen firms that use the system 
in its entirety. He has not heard that even a score of firms 
have adopted the substantial features of the project... When 
pressed for the names of particular establishments that have 
successfully and continually used the system, there is a: disin- 
clination to dwell upon this feature of the proposition. One is 
thus reminded of the story of Uncle Mose, a plantation negro, 
who upon being interrogated about his religious affiliations 
replied, “I’s a preacher.’ “ Do you mean,’ asked the aston- 
ished questioner, ‘‘that you preach the Gospel?” Mose felt 
himself getting into deep water, and said, “‘ No, Sah; ah 
touches that subject very light.’’ 

It is reasonable to presume that if the introduction of the 
system had met with a fair degree of success, the public would 
have special knowledge of the fact. Prospective purchasers 
or students of the system are generally advised to visit two 
industrial establishments in Philadelphia where it is said the 
scheme has been in successful operation for years. It is some- 
what surprising that such success has not inspired a few of 
the hundreds of neighboring industrial concerns to adopt the 
essential principles of the scheme. It is only because success 
is seldom achieved that the scientific managers are reluctant 
to tell in detail of their accomplishments at other establish- 
ments. In turn, thé average industrial manager is generally 
too humiliated to dwell upon the details of the character of 
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the ‘gold brick” that he purchased... It is always good busi- 
ness policy to wipe out regret and reference to past. failures. 

As regards the practical effect of the system, upon industrial 
progress, Mr. Calder thus writes :. 

“It appeared at first with a more modest title and made its 
appeal through the ordinary professional channels to the en- 
gineer. It was a worthy appeal based upon a quite unusual 
amount of self-denying investigation, but it did not receive 
the immediate consideration it deserved. This was partly be- 
cause the straw man which it set up and repeatedly and vigor- 
ously knocked down was merely a lay figure and not really 
representative, as alleged, of the best existing shop practice. 

“In the case of the more open minded and thoughtful en- 
gineers, ready to learn from any source, the ‘ science’ of the 
movement was’ accepted with considerable reservation, and 
from the humanitarian point of view the illustrations used by 
the gifted author of the system laid it open to not unjustifiable 
attack and to the complaint that though a deeply interesting 
experiment had been made, it did not justify the far-reaching 
generalizations based upon it. 

“* Science management’ itself has caught the fancy of the 
press and of the man in the street and has’ been let loose 
through a popular propaganda upon an indiscriminating pub- 
lic. It will come back to its moorings after a while. 

“ Actually the particular system described and advocated by 
Mr. Fred W. Taylor has made relatively little progress and, 
while economic administration of indtstrial establishments 
has been quickened not a little by its advent and discussion, the 
most of the general advance has been the result of causes 
operating before that event and much of it has not been along 
the specific lines of such proposals in ‘ Scientific Management’ 
as are original with its author. 

“The fact of the matter is that Mr. Taylor's ‘ Scientific 
Management’ is avery big and difficult task requiring profes- 
sional ability of the highest order: Stripped of the data, ap- 
paratus and phraseology which have led’ careless readers to 
think of it as a new way of running machinery, of paying men, 
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of avoiding labor trouble, of insuring dividends, etc., it is 
neither more nor less in its essence than a proposal to revolu- 
tionize our industrial life.” 


VITALITY OF AMERICAN ARTISAN ALREADY STRAINED. 


In a pamphlet issued by the London Board of Trade regard- 
ing the industrial conditions of the States of New York, New 
Jersey and Connecticut for 1910, there is contained the follow- 
ing extract from a report submitted by the British Consul- 
General of the port of New York: 

“Every worker in America puts more energy in his work 
than does the European in his own country. Speeding is partly 
responsible for this, but the reserve of energy is no greater 
in American than in European stock. American energy is con- 
sequently exhausted more rapidly. Between the ages of 40 
and 50, when the European’ workman is at his best, the Ameri- 
can frequently breaks down. Physical exhaustion, dyspepsia 
or nervous prostration follows and the man’s life as a worker 
is done. His place is taken by a younger man. 

“So long as there is an abundant supply of labor through 
foreign imimigration the vacant places can easily be filled. If 
the stream ‘stops there will not be so much heard of the su- 
periority of the American working man, for America would 
then have to depend upon. her own children, whose stock of 
vitality is not greater than that of their parents, whether 
American or foreign.” 

Brighter and more energizing conditions of work are re- 
quired. The daily-task idea is simply another step to enervat- 
ing work and exhausted vitality, and it is not surprising that 
welfare experts believe that a halt should be called in the at- 
tempt to increase the work pace. 

The minute subdivision, of operations and. the, speeding-up 
of machines constitute two.of the basic principles of scientific 
management. Such practice does not make for the training 
of high-grade artisans, although it may result in financial bene- 
fit to highly-skilled or experienced individual: employés. 
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It is not difficult to train common labor and boys to operate 
some special machines with rapidity and skill... Such training, 
however, is neither of permanent benefit to the nation nor the 
individual, for after the laborer is detailed to such work, it 
will be the exception when he will cheerfully go back to manual 
labor. ‘Time-study methods may increase, for a time, the 
output of the machine, but only at the expense of the develop- 
ment of the man. 

The most serious evil connected with automatic work is due 
to the fact that it makes for mental retrogression of the em- 
ployé. It is likewise responsible in considerable part’ for the 
general socializing process that is going on even in the better 
class of shops of the country. 

In relation to this special feature, Dean Herman Schneider 
of the University. of Cincinnati gave an address on “An 
Analysis of Work,” before the Chicago Commercial Club, on 
November 11th, 1911. This address contained the results of 
his investigations of, the psychological effect of various kinds 
of work upon the operator,,, It was his opinion that when the 
work became more and more automatic the minds of the ar- 
tisans became more.and more lethargic. 

The best kind of citizenship, cannot: be. built on, fifty-four 
hours. per week of automatic work, compensated, for on a 
differential. basis. . The repeated spontaneous and unaccounta- 
ble ‘strikes of automatic workers’ bears testimony to the fact 
that, these employés undoubtedly labor under intense strain, 
and the whole plan of scientific management, at least as re- 
gards, shop management, is in the direction of increasing. both 
the toil and the strain... 


THE RESENTMENT OF SKILLED LABOR TO THE PRINCIPLES OF 
THE SYSTEM. 


In general, organized labor opposes the introduction of the 
principles of scientific management. In analyzing the cause 
of this resentment it appears as if the opposition of skilled 
labor is based upon the following distinct objections: —* 
1st. According to Mr. Taylor’s own statement it does not 
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increase wages in proportion to the, increased output produced 
by the employé. 

2d. The employés bitterly resent the implication that they 
do not render either efficient or conscientious service, and that 
“ soldiering’”’ is the rule and not the exception when day work 
is carried on. 

3d. The labor leaders regard the movement as a step to 
general piece-work payment—a systém which: the average ar- 
tisan believes to be of some benefit to the highly-skilled work- 
man when first introduced, but of eventual detriment to the 
average mechanic. It appears to be their belief that the com- 
pensation for piece work is generally reduced just as soon as 
the employer finds out the maximum output which can be se- 
cured from the high-grade man. It has been asserted by a 
welfare labor organizer that “ The bait of higher earnings for 
the energetic has too often proven a delusion and snare.» Pace 
making, speeding up and rate cutting are procésses with which 
labor has been long familiar. And, taught by past experience, 
labor is not unnaturally suspicious: now lest scientific manage- 
ment may turn out to be a new method of scientific skinning.” 

4th. The system has a tendency to entail such an intense and 
close application to work as to be injurious to the UtwEiee 
health of the employé. 

Rightfully or wrongly, labor thus considers that alesille 
mandgement is but an attempt to hold it permanently respon- 
sible for our business ills and for the general results of inefh- 
cient management. |The inference may not be founded upon 
facts, but such appears to be the belief of a very large con- 
tingent of both skilled and unskilled labor. 


SCIENTIFIC MANAGEMENT IN TEXTILE INDUSTRY ESTABLISH- 
MENTS. 


Due to the exceedingly large number of textile workers em- 
ployed in the cotton, silk and: woolen mills, the advocates ‘of 
scientific management have made strenuous efforts to induce 
these industries to adopt the system. The success achieved has 
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not been encouraging, since neither mill owner nor operatives 
look with favor upon the proposition. The pace work al- 
ready in existence in the textile mills is about as severe as cap- 
ital can expect or as labor will endure. 

In reference to this matter a very distinguished authority 
upon cotton manufacture writes: “I am free to state that so 
far as I can learn from observation whenever opportunity oc- 
curred, during the past five years, and from conference with a 
great many manufacturers, the so-called scientific efficiency 
system has no place in cotton manufacturing.” 

One of the scientific experts was a guest of the Cotton Man- 
ufacturers’ Association of New England, where he read a 
paper on Scientific Management. Later, at a meeting of the 
A. S$. M. E., he stated that he found comparatively few of the 
members of the New England Association who were familiar 
with the details of their shops, and that they were more skilled 
as merchants than as manufacturers. At a subsequent meet- 
ing-of the Cotton Manufacturers’ Association a vote of pro- 
test against what was termed “ the inaccurate opinions” of the 
expert was passed unanimously. 

It would seem but natural that the men who have success- 
fully developed great industries from ‘small beginnings should 
be resentful of both the criticisms and unasked advice of in- 
experienced experts who possess neither the training nor the 
facilities intelligently to pass judgment upon the condict of 
enterprises that are the outcome of thoughtful study, patient 
investigation, costly research and extended experience in the 
business. 

Capital, however, upon this question, is compelled to take 
much more conservative action than organized labor. In par- 
ticular establishments some wasteful methods may undoubtedly 
prevail, and therefore no one is justified in unequivocally re- 
jecting any suggestion to effect improvement. ‘There is not, 
however, an unnecessary wasteful method prevailing that the 
ordinary manager is not trying: to reduce or eradicate, but 
waste is sometimes a necessary concomitant in the manufac- 
ture of special articles, or in carrying on particular processes. 
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Due to the progressive reduction in the number of orders in 
the past few years for manufactured products, a considerable 
number of the most energetic members of the National Metal 
Trades Association retained efficiency engineers to suggest 
improved methods of business organization and shop manage- 
ment. Within the past year about fifteen Cleveland companies 
belonging to one of these Associations thus engaged outside 
experts to aid them in developing plans for the more scientific 
management of their shops. In regard to the success achieved 
by these scientific experts, the annual report of the Cleveland 
branch of the National Metal Trades Association thus states: 

“In the past year, at the request of some of our members, 
we made an investigation regarding the employment of effi- 
ciency engineers in the metal-working establishments in Cleve- 
land. I refer to the employment of outside experts to rectify 
or remedy so-called existing ailments or to lessen production 
costs, standardized methods of production and matters of a 
similar nature. To our surprise we learned that froma great 
number of experts so employed by different factories in Cleve- 
land the results have not been what were anticipated: The 
result of our investigation cannot be better expressed than by 
making extract from a letter from a manufacturer, this being 
one of many received : A 

“* We beg to state that our experience with outside efficiency 
engineers has been on the whole unsatisfactory, and we are 
impressed that an efficiency campaign or program should not 
be undertaken in the average factory, except with efficiency 
men who are permanent members of the factory organization. 
In the case of our own business we have entrusted all efficiency 
work to members of our permanently employed staff. The re- 
sults seem to indicate that this is by far the better way to pro- 
mote efficiency measures.’ ” 


VIEWS OF AN ECONOMIC EXPERT CONCERNING THE SYSTEM. 


Probably no book of reference that has been written con- 
concerning the principles of industrial management shows such 


exceeding thought and investigation of the question as the 
26 
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work of Professor John C. Duncan, of the University of 
Illinois. 

In analyzing the three kinds of industrial organizations that 
have been evolved—the military, functional and departmental 
types—Professor Duncan thus writes of the functional or 
Taylor system (‘‘ The Principles of Industrial Management,’ 
pages 191-192): 

“ Notwithstanding all its advantages the functional system 
of organization has not proven popular or successful in a 
number of plants where it has been tried. It causes men to 
lose initiative. It has a tendency to shift and divide the re- 
sponsibility in spite of the contrary intention. This has been 
found to be true in several places where the plan has been 
tried. The difficulties that have been encountered in carrying 
the scheme through are: 

“1. It requires a great amount of clerical work to fill out 
instruction cards and write out all orders and minute instruc- 
tions necessary for the complete enforcement of the scheme. 

“2. It is exceedingly hard at times to define clearly to whom 
certain functions belong and on whom the responsibility rests 
when things go wrong. | For instance, no less than eight bosses 
outside of the shop disciplinarian come into direct contact with 
the workmen. Four of these men make out instructions and 
four others say how they should be carried out. It not infre- 
quently happens that the man who makes out the instructions 
is somewhat vague in his directions, in the hope that the speed 
boss or gang boss will make up deficiencies. If a mistake oc- 
curs under these conditions it becomes a difficult matter to 
determine who is to blame, because the instructions man will 
plead that they were not interpreted correctly and the other 
bosses. will assert that. such interpretations could be made. 
Sometimes the instruction-card man will give instructions 
and the gang bosses may see a better method. If they do, the 
chances are that they will want to put their scheme into opera- 
tion. Hence there will be a conflict of authority. If a boss 
adheres to the system and doesn’t follow the best method pos- 
sible under the circumstances, the firm is paying for a system 
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of management which is. failing in its purpose of getting the 
goods out in: the cheapest possible manner. 

‘3. It is cumbersome and expensive to operate. In every 
shop the jobs must be assigned to men at all. kinds of odd 
times during the day, lf a workman desires to start on his 
job he must come into contact with:at least. three of those 
bosses. before he can do anything. There are usually several 
men desiring jobs at one time. Under a system where the 
workman is supposed to know how to set up.a job and inter- 
pret instructions, he merely needs to find out what he is sup- 
posed.to do; and do it, calling on the boss only when there are 
complications. With this functional scheme he is: not sup- 
posed to act on his own initiative. As a matter of fact, so 
many bosses really hinder the work. They irritate the men 
and are expensive to keep up, because in a large shop they must 


have a number of sets of bosses to carry out the scheme as laid 
down.” 


IMPORTANCE ATTACHED TO, THE SYSTEM BY THE MECHANICAL 
ENGINEERS OF THE COUNTRY. 


Probably no. better estimate of the. general value attached 
by the mechanical engineers of the country to the subject of 
scientific management can be shown than by having Mr. 
Frederick W. ‘Taylor tell of the action of the American So- 
ciety of Mechanical Engineers;:in regard to his monograph 
upon “ The Principles of Scientific Management.” 

It may be incidentally stated that Mr;' Taylor is a Past Presi- 
dent of the Society. His inaugural address upon assuming 
that position is an engineering classic and represents years of 
extended study, heavy financial expenditure and thoughtful 
research. ‘The various annual proceedings of the Society con- 
tain many of his carefully prepared contributions. It could 
therefore be expected that, upon any subject of particular im- 
portance, any article submitted by him would receive specia! 
consideration. : As regards the consideration accorded his lat- 
est work upon scientific management, Mr. ‘Taylor's’ preface 
reads as: follows: Hata ou 
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“This paper was presented by the writer to the American 
Society of Mechanical Engineers during the month of Jan- 
uary, 1910, andhas been in the hands of the Meetings Com- 
mittee for nearly a year. ‘The general interest which has been 
awakened during the last few months in scientific management 
has caused the editors of a number of the monthly magazines 
to visit the writer for the purpose of obtaining materials for 
articles upon scientific management, to be printed in their 
various publications. 

“The writer has naturally explained the underlying prin- 
ciples of scientific management to these men, in very much the 
same manner in which he has endeavored to set them forth 
in the accompanying paper. It is likely, therefore, that sev- 
eral of the articles which will be published will use the same 
reasoning and very much the same illustrations as those given 
in this paper. 

“Inasmuch as the American Society of Mechanical Engi- 
neers has received and published in the past all the early arti- 
cles which appeared upon this subject, it seems appropriate 
that this paper, which attempts to set forth the underlying 
principles of this management, should go before the members 
of the Society before being given to the general public. 

“ This object can now be attained only by printing this 
special edition of the paper, because the time remaining before 
the publication of the magazine articles referred to is so short 
as to preclude the possibility of printing the paper ix: the Jour- 
nal of the Society. The writer has therefore been reluctantly 
obliged to withdraw his paper from the hands of the Meetings 
Committee of the American Society of Mechanical Engineers, 
and presents it to the membership of the Society with the hope 
that many of our members may find it of interest.” 


ATTITUDE OF THE TECHNICAL JOURNALS. 


With the exception. of a very few of the most influential 
and important engineering magazines the attitude of the tech- 
nical press is generally agnostic if not hostile to the system: 





FETISHISM OF SCIENTIFIC MANAGEMENT. 391 


This opinion is not only reflected in the letters of various con- 
tributors to the various scientific publications but likewise in 
the editorial columns.’ 

The following editorial published.in the ‘“ American Ma- 
chinist’”” of December 7, 1911, is perhaps characteristic of the 
position taken by the technical press: 

‘The Abuse of the Words Efficiency and Scientific—No 
word in-the English language has been more abused than 
‘ efficiency,’ especially during the past year or’two. This has 
reached the point where those whose business it is to improve 
shop output and conditions, balk at the name ‘ efficiency en- 
gineer,’ of which they were once so proud and are using differ- 
ent titles to convey the same meaning. 

“Next comes the much maligned ‘ scientific,’ and the two 
words may well be used sparingly until we forget the base 
uses to which they have been put, and they once more come to 
mean what the dictionary makers and time-honored usage 
intended. 

“But the agitation which has been raging will make for 
good, since, after the spasm is over and we settle down to a 
realization that all of us will bear improvement, also that the 
human element cannot successfully be bound by the same iron- 
clad rules as a machine, and will always be something of a 
variable quantity, we shall get down to a more rational and 
substantial basis. 

“There are few of the systems advocated which do not con- 
tain some good points, the main odjections being in most cases 
that they attempt too much. The great danger is in building 
up a system that collects data which are. never used or not 
worth what they cost, which puts a barrier between the workers 
and the executives, and which becomes so. top heavy that it 
falls into disrepute and becomes an object of contempt. The 
system, like a law, must either be enforced or it is worse than 
useless and should be taken out of active use. 

“Another common fault is in attempting to make the sys- 
tem cover too many departments. While in theory a good 
system should be logically extended, to a limit, it is far better 
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to confine its application to’ such departments as prove its prac- 
tical value. 

“Nor must it be forgotten that much so-called efficiency is 
only apparent and not real. And just as the coal pile or the 
cost of power is the only real indication of a steam engine's 
efficiency, so the net bank account is the real test of a system's 
worth.” 


THE PERSONAL EQUATION IN BUSINESS MANAGEMENT. 


Until about twenty-five years ago the home market of this 
country afforded such a profitable field for manufacturing 
interests that there was no impelling demand for strict econ- 
omy as regards details in general business management. ‘The 
rapid development of industries in favored portions of the 
South and West, however, gave warning to certain industries 
of the Central and New England States that hereafter, in order 
to retain the valuable and extensive trade that had been theirs 
for several decades, they would have to reduce profits or effect 
economies. 

Instead of meeting competition, there were in many in- 
stances a consolidation of certain industries, the principle 
argument advanced for such action being the large possible 
saving that could be effected by eliminating many expenses 
common to each of the separate plants. Through the elim- 
ination of competition it was anticipated that the product 
could be sold at a higher price, and that a very material re- 
duction in administrative, operating and traveling salesmen’s 
expenses could be effected. 

For a time all the anticipated benefits of consolidation ap- 
peared to materialize. As the best of the managers and tech- 
nical experts of the individual concerns had been retained by 
those controlling the mergers, it was not surprising that the 
net earnings under the new management were generally of 
very satisfactory character. 

It was not long, however, before it was noticeable that some 
of the old managers failed to continue to take the special in- 
terest in the consolidated ‘business which had been given to 
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their own individual establishments. With the loss of per- 
sonal responsibility, pride and initiative there came delay in 
acting upon important matters, since under the consolidation 
system many matters affecting policy had, as a rule, to be acted 
upon by a board of directors or by sotne special committee. 

In the administration of these great trusts it was frequently 
found an easier matter to consolidate plants than it was to con- 
solidate brains, and as a result the overhead expense increased 
to a surprising extent. As one expert states, “ corporation con- 
solidations tend to produce routine officials from top to bot- 
tom.” It is because individual incentive was sacrificed too 
much to system that the business pendulum now appears to be 
swinging in the direction of personal control and authority 
rather than along the line of centralized effort. 

The tendency therefore appears towards decentralization as 
regards industrial consolidation, since there can be no enduring 
efficiency in the installation of any system of management 
which attempts to provide brains and methods for all subor- 
dinates. The theory of corporation consolidation is strikingly 
similar in certain respects to the basic principles of scientific 
management, since both attempt to achieve success by’ obliter- 
ating the resourcefulness and the initiative of the subordinate. 
The zeal and resourcefulness of the individual workman is 
suppressed when he is compelled to use special tools and follow 
implicitly a blueprint and routine card of instruction which 
were probably prepared by some one whose practical knowl- 
edge and experience did not compare with that of the skilled 
artisan. The manager of a branch industrial plant ‘like- 
wise naturally resents receiving detailed instructions’ from 
distant superiors who cannot possibly have personal knowl- 
edge of local conditions. 


CONSERVATISM SHOULD BE OBSERVED IN CHANGE OF 
MANAGEMENT. 


The writer has personally conferred with a considerable 
number of managers in regard to the advantage of effecting 
radical and sudden changes in the management of industrial 
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plants. While it appears to be the unanimous opinion of these 
experts. that progression is desirable and should receive all 
possible encouragement, they are likewise in accord in con- 
sidering that it is generally detrimental to efficiency to permit 
any outside expert to enter an establishment and subordinate 
its organization and operation to his individual views. 

In most cases the intrusion of such experts produces the fol- 
lowing demoralizing and baneful effects : 

The, workmen regard with suspicion the advent of such 
experts, since they are inclined to believe that his entree is 
simply a forerunner of action that will result in extensive 
discharges. 

It creates exceeding resentment upon the part of the fore- 
man. The more.authority there is given experts the more 
inclined they seem to insist upon changes that are often of 
unimportant character. The foremen are naturally irritated 
and provoked to have their professional efficiency discredited 
by men who are not experienced in the business. 

It encroaches upon the time and patience of the managers 
to a very marked extent. Due to lack of knowledge and ex- 
perience of the efficiency specialists, it 6ften becomes necessary 
for the manager and leading foreman to neglect their regular 
duties in preventing the experts from making serious mistakes. 

It has been probably due to the fact that the scientific man- 
agers have been given too much rather than too little authority 
that their success has been of such limited nature. It is in 
those establishments where the efficiency experts have not had 
control, but where they have been simply requested to observe 
and suggest, that the most enduring and satisfactory results 
appear to have been obtained. 


RESULTING ADVANTAGES FROM THE PROPAGANDA. 


Careful study of the question, however, will repay close in- 
vestigation by all interested in industrial operations. The 
experience already obtained from the application of the system 
has probably been of some: permanent, benefit in promoting 
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efficiency. The possible development. of the proposition, as 
regards administrative organizations rather than shop meth- 
ods, affords a most interesting study. The resulting direct 
and indirect benefits have been of the following nature: 

Special corporate interests have been compelled to seek ad- 
vice from sources outside of their own administrative organi- 
sations. There is no doubt but that experienced and skilled 
experts, if afforded opportunity to make extended inspection 
of industrial plants, can often make suggestions that would 
promote efficiency.. The average efficiency expert, however, 
often appears more inclined when making such discovery to 
use it as a pretext for insisting upon wholesale changes in 
administrative methods and shop management. The ability 
of an individual to effect detailed improvements does not, how- 
ever, logically constitute a reason for placing such an expert 
in control of matters.effecting general policy. 

The importance of the engineer as regards executive posit: 
has been augmented. The education and professional training 
of the engineer distinctly fits him for executive duty, and 
where important executive duties have been entrusted to him 
there has been resulting efficiency and;economy. It has been 
asserted that one of the impelling causes that has made Ger- 
many a great manufacturing nation has been due to the im- 
portance attached to the engineer as a factor in administrative 
management. 

The value and importance of management have been en- 
hanced. In opposition to the claim made by many efficiency 
experts that the adoption of scientific management methods 
would not only render the efficiency of such business. self- 
perpetuating, but that it would also enable industries to become 
to a large extent independent of their managers and higher 
executives, a careful study of the problem brings. into even 
greater prominence the value and importance of efficient lead- 
ership. Applicable to this feature of the matter, Mr. Calder, 
Manager of the Remington Typewriter Works, thus. com- 
ments: 

“No. army of clerks mechanically following planning in- 
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structions, however perfect, can take the place of able engi- 
neering administrators and shop assistants under any’ con- 
ceivable work system. 

“The human element in system, as well as in organization, 
is half of the problem, and there is a tendency to too great 
rigidity in most of the shop systems offered for general appli- 
cation. 

“Tt is not a recommendation for any business system, im- 
ported from the outside, but rather the reverse, that it should 
insist upon absolute conformity in type and details without 
regard to the problem in hand and the great amount of ex- 
perience already acquired from it. 

‘At the outset we must reckon with the fact that the or- 
ganization, not the system, is the primary consideration. 

“This is not the order of precedence prescribed by some 
professional systematizers, but any other is a mistake. 

“The organization must move forward as a harmonious 
unit. No amount of clever scheming alone will secure this. 
Herein lies the task and the genius of the organizer of men 
as distinguished from the mere systemizer of things. 

“The modern administrator of industrial establishments 
is a manager of men rather than of things, and the human 
factor touches his business on all sides. 

“An organization, therefore, cannot go into commission. 
It must have a strong, resourceful leader and a carefully se- 
lected, well-trained, loyal and enthusiastic staff. This will 
only come through intimate contact with a man, not a mere 
machine or inanimate system. 

“ The cold-bloodedness of some of the modern schemes for 
exploiting the higher human energies is not only repelling— 
it is a fatal defect.” 

Labor has been compelled to take note of its own shortcom- 
ings. The efficiency experts have dwelt so forcibly upon the 
general inefficiency prevailing in individual plants, that many 
administrative officials have been compelled to dispense with 
some of the humanity that has heretofore existed in shop 
management and to insist upon a more rigid application to 
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work upon the part of the employés: The first ard last 
half hours of each day, also the quarter hours before and after 
dinner, are worth as much to the manufacturer as any other 
part of the working time. Starting and closing operations on 
time will probably be more rigidly insisted upon in the future 
than has been practiced in the past. The leniency,and consider- 
ation accorded the inefficient and irresponsible employés will 
likely ‘hereafter be considerably abridged. It is not, therefore, 
surprising that certain organizations of union labor are par- 
ticularly resentful of the trend of scientific management. as 
regards shop discipline: As a matter of self protection 
various administrative officials have found it necessary, in def- 
erence to the sentiment. prevailing concerning waste and eff- 
ciency, to demand increased attention to work upon the part 
of the individual employé. 

Increased consideration has: been given the question of 
economic administration of industrial establishments. Spurred 
on by the frequent unsparing and unjust criticism directed 
against the management of our industrial enterprises, the 
administrative and technical officials have bent their best ener- 
gies to improve their organization methods so far as con- 
sistent with humanitarian and welfare principles.. These man- 
agers were told that their records were incomplete and un- 
satisfactory; careful investigation shows that the. records 
which it is often proposed to ‘use as substitutes are useless, 
because their form:is so complicated as to render: them inap- 
plicable for the purpose of frequent and rapid reference. As 
stated by one writer upon the subject, it was to:an already 
progressing and intensively developing shop practice that the 
question of scientific management was forcibly) presented. 
There is: probably not an industrial manager of recognized 
ability in the country who does not have a fullbappreciation of 
the far-reaching importance of increasing efficiency even ‘to a 
small degree, and who does not realize that important results 
would ensue by improving the relations between the: help, the 
machines and the processes of manufacture. The: devetop- 
ment of nearly every machine in’ every: line of industry; bears 
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testimony to the progressive character of the administration, 
organization and operation of the nation’s industries, 


THE MILITARY VALUE AND IMPORTANCE OF THE NAVY YARDS. 


Due to the progressive increase in size of the modern bat- 
tleships, it becomes more difficult and expensive, with each 
succeeding year, to maintain the modern naval fleet in a state 
of efficiency. The military necessity and the engineering value 
of both shipbuilding plants and naval stations to national de- 
fense have therefore become correspondingly greater with the 
increase’ in size of the fleets of the world. 

From both financial and military standpoints it is extremely 
advisable that the modern battleship should be made self-sus- 
taining as regards repairs. By reason, however, of the fact 
that the modern battleship does not, and cannot, contain the 
installation of machine tools requisite for handling and fabri- 
cating heavy machine parts, it may be that with the increase 
in size of the fleet the work of the navy yards will not be 
lessened. 

The policy inaugurated by Secretary Meyer of demanding 
that the large complement now comprising the crew of a mod- 
ern battleship should do its part in maintaining the vessel in 
a state of efficiency has been productive of far-reaching and 
beneficial results. While general instructions had been. pre- 
viously issued to utilize the ship’s force in making repairs, it 
isa well-known fact that one of the great industrial depart- 
ments of our navy yards not only looked askance upon the 
proposition, but substantially maintained that assistance of 
such character was rather a hindrance thaw a help in producing 
either economy or efficient results... The action of the Secretary 
has been particularly advantageous in three directions; it has 
compelled the commanding officers of certain ships to scruti- 
nize more carefully recommendations for changesiand requests 
for repairs; it has given the complements of the ships a better 
knowledge of the design, construction and installation of the 
various appliances; and it has developed.a system of inspection 
of repair work upon the part of the ship’s force that in turn 
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has resulted in work being done in a more expeditious, efficient 
and economical manner. Without the help of the ship’s force 
there would have been either exasperating delay or excessive 
expenditures in maintaining the battleships in a state of 
efficiency. 

There will always’ be a continual demand, upon the part of 
the battleships, for repairs that are beyond the capacity of 
the ship’s force, and in this respect the navy yards are factors 
that will always count for much in measuring the naval 
strength of a nation. It has been stated by certain military 
experts that the actual naval strength of a nation should’ be 
measured by its ability to replace its fleet, as well as by the 
number of battleships that it possesses. From this standpoint 
the navy yards and shipbuilding plants are important weapons 
of defense. Speed, extent and character of naval construc- 
tion are in many respects Great Britain’s most valuable naval 
assets. 

Another’ measure of naval strength is the relative knowl- 
edge possessed by the personnel of the several navies as re- 
gards the details of design and operation of the various types 
of ships comprising its fleets. Any navy which does not pro- 
vide extended shore service for its officers, whereby such men 
can observe the building and testing of engineering, ordnance 
and electrical appliances, will never be efficiently prepared for 
the day of battle. 

The navy yards are therefore more than repair plants; they 
are necessary practical and important post-graduate schools 
of instruction for men and officers. Those who have been to 
sea are therefore the logical ones to be placed in full control 
of every feature relating to the administration and detailed 
management of our navy yards. Unless the turret and en- 
gine-room officers of our battleships are given occasional tours 
of shore duty where the opportunity will be offered them to 
acquire an intimate knowledge of the design, construction, in- 
stallation and testing of the motive appliances installed on the 
battleships, it is certain that the ships themselves cannot be 
brought to that state of efficiency which the country demands 

and expects. 











400 FETISHISM ,OF SCIENTIFIC MANAGEMENT, 


It would be strange if the industrial organization of our 
navy yards was not founded upon efficiency methods; par- 
ticularly when there is taken into account the following con- 
ditions that tend.to develop efficiency of management and 
operation : 

Every commissioned officer assigned to technical duties is 
either a graduate of the Naval Academy or one promoted for 
meritorious conduct and efficient. service from warrant rank. 
The mechanical, engineering course at Annapolis: is probably 
not surpassed by the engineering course of any technical. col- 
lege in the country. 

Every commissioned officer attached to a modern war ship, 
by reason of. the. varied technical duties to which he may be 
assigned, has an excellent opportunity to specialize along such 
mechanical lines as appear best adaptable to, his talents. . The 
latest battleships are equipped with an installation of steam, 
hydraulic, pneumatic and electric appliances whose cost will 
approximate about two million dollars. The supervision of 
the operation and repair of. auxiliaries of such diversity and 
magnitude should certainly fit the modern naval officer for 
executive work at our navy yards. 

As the Government always maintains a considerable force 
of inspection officers at the. various shipyards where. naval 
vessels are in course of construction, the organization, and,shop 
methods of the leading American shipbuilding plants are. with- 
in the observation and. study, of a considerable contingent of 
sea-going commissioned officers. 

The official log books and records of the Navy are.accessible 
to its officers; and these records contain information of ex- 
ceeding value to the designer and. builder, 

Advance. information from abroad. concerning naval, pro- 
gress may be obtained by all naval officers by making, appli- 
cation for such information to the Director of Naval Intelli- 
gence. 

The organization and administration of many of the leading 
foreign dock yards also comes within the observation of: cer- 
tain naval officers. | 
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An inspection of both the merchant vessels and. battleships 
of foreign nations is often possible to our naval officers. 

The discipline and training which. naval officers receive are 
of decided benefit in fitting them for executive duty. The 
complement of a modern battleship now approximates 900 
men, and it requires executive leadership of high order to 
train these men for the varied and important duties. which 
devolve upon them. 

The fact that the average tour of duty seldom exceeds three 
years, permits naval officers to be assigned to a wide range of 
work. The shop methods of men in various parts of the 
country, therefore, becomes familiar to them. 

The fact should also be kept in mind that on board our war 
ships there are probably four thousand men who have served 
a regular apprenticeship at some industrial trade. Many of 
these men have worked in various progressive shops and. are 
therefore quick to point out any obsolete methods that may 
exist in the manufacturing establishments of the Government. 
The career of the modern naval officer is now one of con- 
tinued mechanical experience and training, and the marked 
success achieved by those officers who have resigned from the 
service and taken up executive and technical duties particu- 
larly tells of their qualifications for such work: The keen 
rivalry for naval supremacy now- existing between nations is 
a factor that compels the average naval officer to keep abreast 
of the times, and, whatever may have been the conditions pre- 
vailing in the past there is no branch of the Government where 
one is forced to progress as in the Navy. 

There are but few executive officials of commercial indus- 
trial plants who do not consider it a tribute to their-patriotism. 
technical efficiency and business ability to be called upon for 
advice in regard to promoting: military engineering efficiency. 
It is, therefore, possible for commandants of naval stations to 
obtain, technical. information from) private shipyards in the 
vicinity of their, commands, that might reluctantly be: granted 
or even positively denied individual, parties, 
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THE EFFICIENCY OF OUR NAVAL, STATIONS. 


The several navy yards are substantial rivals of each other, 
and each is keen to obtain the highest state of efficiency. The 
Navy Department notes very carefully the comparative cost 
of work as well as the relative efficiency and endurance of re- 
pairs made at the several yards, and the naval station that 
falls backward inefficiency is not kept long in official ignorance 
of the fact. 

The officers who have been assigned to duty at various times 
at both navy yards and shipbuilding plants unqualifiedly state 
that the organization of the navy yards will, as a whole, com- 
pare favorably with the organization of the private yards. 
There have been built at the navy yards barges, tugs, colliers, 
cruisers and battleships, and in every case the character of this 
construction will compare favorably with the vessels built by 
contract. 

Every navy yard is, and should be, an experimental military 
plant for the development of engineering and ordnance appli- 
ances. The character, rather than the quantity of the product 
turned out, should be the prime factor in determining the 
efficiency of the station. Cost is measured not only in dollars 
and cents but in time, and in the case of military engineering 
establishments national prestige and safety may be involved 
in the character and rapidity of repairs made at these plants. 
Those who may be called upon to fight these battleships, and 
through whose personal efforts the existing efficiency of the 
vessels has been secured, are surely the logical ones to whom 
should be entrusted the responsibility of administration and 
management of our naval stations. 

Probably the distinctive weakness of navy-yard organiza- 
tions is the lamentably insufficient compensation rendered some 
of the civilian officials:. The wage rate of the laborers and 
artisans is amply adequate for the service rendered, but the 
pay of the chief clerks, master mechanics, foremen and lead- 
ing draftsmen is not commensurate with the duties assigned 
them. Ever since the close of the Civil War there has been 
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a progressive increase in the wages of the navy-yard me- 
chanics and the wage rate of the laborers and artisans now prob- 
ably averages 50 per cent. more than it did thirty years ago. 
As the compensation of the leading men, however, has not’ been 
increased proportionately, it is not surprising that the navy yards 
do not always tempt the class of men that are essential for the 
exceedingly important duties of foremen, master mechanics, 
chief. draftsmen and chief clerks.’ The officials of ‘private 
shipbuilding plants, performing’ duties substantially’ corre- 
sponding to those assigned the leading civilian employés at the 
navy yards, receive compensation far in excess of that paid 
the navy-yard officials. In some cases the shipbuilding plants 
pay double the amount for corresponding ‘superintendence. 


THE VICKERS (LTD.) SYSTEM. 


With a thorough realization of the fact that the navy yards 
are but a series of mechanical auxiliaries to the fleet, and yet 
auxiliaries of exceeding military importance, Secretary Meyer, 
upon assuming office, gave special and extended consideration 
to the problem as to how the military and industrial efficiency 
of the navy yards might be augmented. Information was 
sought from every possible source, as well as from interests 
having widely divergent views upon the matter. The services 
of several well known efficiency experts, as well as leading 
cost accountants were retained. 

Numerous boards were appointed to collect data and to sub- 
mit recommendations, and as a rule every interest in the Navy 
had representation on such boards. 

In his extended and thoughtful study of the problem Secre- 
tary Meyer made a careful inspection of’ the principal dock 
yards and shipbuilding plants of Great Britain: © As shipbuild- 
ing is a profitable industry in Great Britain, management should 
naturally have beer developed in that country to an exception- 
ally satisfactory degree, and therefore the visit to the English 
dock yards gave the Secretary an excellent opportunity to note 
the comparative merits of American shipbuilding methods 
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with those of British practice. It also permitted him to. note 
the trend of advance as regards management of the English 
shipbuilding plants. 

Secretary Meyer was particularly impressed with the ad- 
ministrative organization and. management of the. Vickers 
(Ltd.) Shipbuilding Plant.. The management of this estab- 
lishment is based upon the assumption that the organization 
and work of the three branches of the plant—Hull, Engineer- 
ing and Finance—are so technically and physically distinct 
that. each division should be managed independently of the 
other. . Instead, therefore, of combining the operation of the 
three branches under one manager, it is considered that more 
satisfactory results are secured by entrusting the management of 
each division to an individual Director. These three Direc- 
tors form a local Board who are expected to codrdinate their 
work in such manner as will best promote the purpose and 
policy of the London office. While the Engineering Direc- 
tor, by virtue of his.seniority, can exercise, authority in any 
branch of the plant when deemed necessary, it is understood 
that this prerogative is seldom.exercised. 

The Vickers System is considered.to accomplish the fol- 
lowing : 

(a), Expeditious estimating. 

(b) Speed in getting work actually started in shops. 

(c) Absence of copious preliminary paper work. . 

(d) The “ following up” of work by means of alert intel- 
ligence (progress men) in lieu of multiple automatic card 
service: 

(e) The checking of locations of components under manu- 
facture, by means of a’ “stores” clearing house. 

(f) The.securing of increased effort and initiative onthe 
part of the workmen by means of a well-considered, premium 
bonus system. 

Except in respect to difference of detail in. management 
that could be expected to exist in the industrial establishments 
of different nations, the system at Vickers is strikingly: similar 
in many essentials to that prevailing in some of, the,leading 
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industrial plants of America. The system in general is 
founded upon common sense and experience, and attaches little 
value to espionage over workmen beyond that essential to 
efficient supervision. Judged from American practice and ex- 
perience, it might seem advisable to dispense with some of the 
progress men detailed under the Vickers system for following- 
up work and detail these experts to the duties of quartermen 
and sub-foremen. Much of the work arranged for the pro- 
gress men would naturally be taken up by an efficient and con- 
scientious supervisor. ; 

As a result of the Navy Department’s extended investigation 
of the matter, there is being installed at the Norfolk Navy 
Yard a system of management that is in certain essential re- 
spects the system in existence at the Vickers Works. As re- 
gards one detail of the Vickers system, payment by the 
premium bonus system, the Navy Department’s past exper- 
ience with piece work does not appear to have been satisfac- 
tory. There are probably other minor features of the Vickers 
System which the Department may not regard as applicable to 
American industrial life. 

The friendly but spirited rivalry existing between the var- 
ious navy yards undoubtedly will cause all rival navy yards 
to give the most careful and extended consideration to the 
system inaugurated at Norfolk. It can reasonably be ex- 
pected that the officials at the Norfolk Station will make a 
very determined effort to develop the system so as to make it 
particularly applicable to the needs of our naval service. The 
outcome of extended investigation of the matter combined 
with practical trial and experiment will undoubtedly develop 
a system of management that ought to promote industrial 
economy and augment military efficiency. The Navy and the 
Nation are to be congratulated upon the action of the Secre- 
tary in thus directing the installation of a system of manage- 
- ment that is, not of that inflexible and exasperating nature 
which appears to be the distinguishing feature in many of the 
systems designed by the professional scientific managers. 
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NATIONAL ENDORSEMENT DESIRED. 


Coincident with the wholesale condemnation of general 
business management and operation the professionals have 
made a most persistent and special effort during the past few 
years to compel some of the executive departments of the 
Government to give at least limited official endorsement to 
the system of scientific management. In fact, the more ag- 
gressive exponents of the science are even demanding that a 
new executive department be created and that such department 
have not only exclusive control of all duties relating directly 
or indirectly to engineering and business affairs, but that it 
be administered along the inflexible and intolerant lines that 
have in general been productive of subsequent resentment. 

It is somewhat difficult to understand in which department 
of the Government the principles of scientific management 
could be made applicable except to a very limited extent. The 
organization of each of these departments represents ex- 
tended experience and progressive development. Their meth- 
ods and operations are continually under the supervision of 
both friendly and hostile critics. Friendly critics naturally 
are desirous of overcoming all inherent weaknesses as regards 
organization and management, while hostile critics are bent 
upon discrediting the existing organization. Progressive de- 
velopment has therefore taken place under the spur of both 
friendly and hostile critics. Is it not, therefore, reasonable 
to presume that at least in the manufacturing and technical 
departments it will be found somewhat difficult to effect any 
radical change in carrying on the business affairs of the Gov- 
ernment, and that any other than conservative and progressive 
changes would result in detriment to the public good? 

While the adoption of scientific management by even a sin- 
gle division of any executive department might not directly 
affect any considerable number of individuals, the indirect re- 
sults are likely to be of far-reaching nature. This fact is not 
only appreciated by the leaders of various labor organizations, 
by scientific management experts, but likewise by the manu- 
facturing interests. 








AS 


ae 


—— - _ —_ As 

















FETISHISM -OF SCIENTIFIC MANAGEMENT, 





407 


With any unqualified official endorsement of scientific man- 
agement by an executive department of the Government there 
would result a manifold increase in the ranks of: scientific 
managers, business researchers, industrial organizers, efficiency 
experts and the numerous other technical specialists who are 
bent upon telling successful business managers of some better 
way to operate their establishments. The courts: would be 
besieged to assign these experts to the receivership of finan- 
cially embarrassed firms. There seems to be a particular 
desire upon the part of the efficiency promoter to develop ‘into 
a very important concomitant of municipal and national ad- 
ministrative affairs. Some of. these professors of efficiency 
actually expect many of their visions of extended influence 
to turn into verities. Such may be the case, unless the en- 
gineering, educational and commercial associations take some 
concerted and far-reaching action in showing the extreme limi- 
tations of the system as regards industrial matters. 

As regards the industrial extension of scientific manage- 
ment, reaction already has set in; and, therefore, it can well be 
understood why the desire is keen upon the part of the effi- 
ciency promoters to stem the tide of commercial opposition and 
resentment by governmental support and endorsement: \:: 


REPORT OF THE GANTT—EMERSON—DAY BOARD ON INDUSTRIAL 
MANAGEMENT OF UNITED STATES NAVY YARDS. 


In examining the report of the experts: on Scientific, Man- 
agement one is struck by the fact that the members of the 
Board realized that they were confronted: by conditions: which 
were new to them, conditions that do not obtain in industrial 
establishments with which they may have been more or less 
familiar. It is apparent that'they did not know how to:meet 
the conditions existing at the navy yards: This »is\ shown 
all through their report, but best finds expression in the 'state- 
ment that “ The demands dn the:navy yards are large military 
in character and therefore outside the scope of our'experience.’’ 
Their unfamiliarity with, navy-yard demands is: also: reflected 
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in the advice to the Secretary to “apply the same thorough 
methods in the navy yards that you have adopted in the fleet.” 

These gentlemen had previously to do with manufacturing 
establishments where the same kind of work is done day in 
and day out, and where they could lay down specific rules for 
the operation of shops. In the navy yards they found big 
repair shops as distinguished from manufacturing shops, and 
the magnitude of the job was appalling in the variety of work 
that these shops were called upon to do. The subject required 
treatment far different from what they had previously imag- 
ined, and in their perplexity they exclaim, “it is only when the 
number and variety of the operations to be performed in a 
navy yards are recognized that the size of the undertaking 
can be realized.” 

And yet there are those who would rashly and ill advisedly 
overturn existing organization and install a system of manage- 
ment that was attempted at one or two American shipbuilding 
plants, but which was so expensive to maintain and which 
was so exasperating to labor that every vestige of such system 
has had to be eradicated. There is not a single executive 
administrative official of a shipbuilding plant who considers 
the management question of a navy yard as a simple one, and 
as one that could be handled better by him than by the Secre- 
tary of the Navy and the able officers who are cooperating 
with him. Even the Board stated that “It must be realized, 
of course, that several years will be necessary to bring about 
even an approximation to this ideal.” 

Notwithstanding the awe with which the Board approached 
the question of organization, it made certain specific recom- 
mendations which the Secretary of the Navy is already carry- 
ing out. . 

They recommended a “central organization” for navy 
yards, and this has been carried out under an officer who is 
known as the “ Director of Navy Yards,” to whom is as- 
signed, as fat as can be under the law, the specific duties enu- 
merated by this Board. 

They recommended a planning department, and an efficient 
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systein has ‘already been introduced in each yard. It is not, 
however; of fhe inflexible and detailed character recommended 
by the Board. 

They recommended ‘the establishment of a separate corps 
of specialists, which could not be done; but, realizing this, they 
recommended as best,’ some plan which “ would develop a 
more efficient personnel and effect more complete codpera- 
tion.” The Board also recommended there be “ but a single 
class of officers, which would include all specialists within its 
ranks.” his the Secretary is endeavoring to carry out by 
legislation aimed to consolidate the naval constructors and the 
paymasters with the line officers of the Navy. 

They also suggested that the plan which they seeritnmedided 
in abstract form be introduced in its entirety in a single yard, 
and that certain features be introduced in all yards. This is 
being carried out, but not quite on the plan which these gen- 
tlemen had in mind, for it must be remembered that they were 
all apostles of what has come to be known as the Taylor Sys- 
tem, which is so repugnant to our ideas of what is due the 
mechanics in our navy yards. The prominent feature of this 
system is “time studies,” exemplified by a clerk with a stop 
watch timing each operation of the workman in order to set 
a standard which none but the most expert and the most vig- 
orous can reach, a standard which is far above the average 
performance and upon which the workman’s rate of pay is 
fixed. 

It was such a system as this which was being gradually in- 
troduced into the navy yards and which was checked by Secre- 
tary Meyer when he commenced to investigate conditions, 
as even these experts state that it would take several years 
to reach an approximation to ideal conditions, it is not! sur- 
prising that little was accomplished. Mr. Meyer was not'satis- 
fied that such a system ‘would be a success in our navy yards; 
indeed, he was convinced that it could not be, and, ‘while’ he 
was aware that there was room for much improvement, ‘he 
was not blind to the fact that: improvements must” be along 
sane lines and must be carried out under a system which would 
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not work a hardship. on the empioyés, still less. subject them 
to,some of the humiliation which accompanies typical scien- 
tific management as embodied in the Taylor System. 

That there, has been, marked improvement, of . navy-yard 
conditions during Mr, Meyer’s administration is attested. by 
the fact that\ the Fleet is today the largest in the history ,of 
the Navy and that it is being.maintained at less cost than it was 
a few years ago, notwithstanding the fact that the new ves- 
sels added to. the Fleet are.in some cases fully twice as big as 
those. they replaced. 

That Mr. Meyer’s judgment is correct in not adopting the 
controlling features of the so-called Taylor system is: manifest 
in the reflection that there: is. not;a single shipbuilding, estab- 
lishment in. this, country. which operates under it. 

Mr. Meyer, has all along been impressed with the, fact: that 
officers. who achieve success in handling large bodies of men 
on board ship will:bé most successful in like positions on shore 
when -re-inforced by men of exceptional ability in industrial 
operations. » That this opinion was.also shared by this Board 
is ‘evident from the coneluding paragraph of their: report, 
which reads 

“While, navy-yard siclinate diftns in detail. from nnd 
presented by the operations of the fleet, yet substantially. the 
same possibilities are presented in each,case, and a-full recogni- 
tion of this,fact, coupled with the subordination of all detail 
considerations to the end sought, should place the Navy.or- 
ganization. in a position where it will be the national example 
of efficiency,” 

The one portion of the report. of the Poaal of Experts on 
Scientific Management which would seem to reflect’ upon the 
organization of the:navy, yards is found on page ~~ where it 
is stated. that 

-““Tt is impossible to expect efficient management; when con- 
ditions prevail such as are evidenced by the records from navy 
yard; Philadelphia, where the tenure of many engineer officers 
holding: important executive positions has been less than a 
yéar.?) 
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This statement. was.evidently very, carelessly prepared, and 
it is evident that the Board must have consulted other ““‘ rec- 
ords”’ than the official ones, for the, official record shows that 
only one officer.of the Machinery Diyision had been.on duty 
at Philadelphia less than a, year, and he|the youngest one. Mr. 
Meyer’s plan contemplates giving, these young officers experi- 
ence in-navy-yard shops in, order that they may become. fa- 
miliar with the methods of doing work and thus be in a posi- 
tion to know how. to,execute repairs on board: ship, and in 
this way make the Fleet as nearly as: possible self-sustaining. 

Is it not a fact that only one of the ‘experts’ ever visited the 
Machinery Division of the Philadelphia navy yard, and that this 
member spent about two hours in consultation with the Com- 
mandant, about one-half hour in the office of the Engineer 
Officer of, the Yard, followed bya hurried. trip through the 
Machinery. Division shops and a short,,visit to. the Jdaho to 
see 'the character of. the work in, her turrets, the entire, time 
devoted. toa personal investigation of the machinery division 
having: consumed not more, than’ one} hour? 

The other engineer officers at Philadelphia had, of, course, 
had much, more experience than the youngest one: ‘The. one 
at the head of. the Machinery Division,,and to, whom.' the 
others; were. assistants; isan officer of exceptional ability, hav- 
ing had 37 years’ service, every day of, it\as an engineer, and 
at the time this report was written, had; been 3, years at, the 
Philadelphia yard}, He had;also been head of the engineering 
department: of the; Cavite navy yard for (several years... It 
is, therefore, apparent that. the affairs, of | the ,Machinery 
Division. were incompetent hands.'...( At, the time -of,-the 
visit of the “ expert’? this officer had),about, worked. out 
a system of, inanagement, for »navy-yard shops. which, 
though, not embodying the refinements insisted, upon by advo- 
cates, of the, Taylor system; has been. pronounced: by many 
officers, and.master workmen as being admirably adapted for 
the..conditions which: navy-yard shops -have; to, 1ieet... Can. it 
be that the! slap of-the “expert” was intendéd:as| disapproval 
of this;officer’s system: because of: his failure to:recognize. the 
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Taylor system as being the only one applicable to navy-yard 
needs? 

The principal assistant to the Engineer Officer was an officer 
of 19 years’ service, who at the date of the report had been 
nearly two years at the Philadelphia navy yard; and previously 
had served with distinction in the gun factory at Washington, 
being a recognized expert in ordnance and electricity.’ The 
other officers had been at Philadelphia 18 months. 

It may not be amiss to compare the organization of the 
Machinery Division at Philadelphia as it existed at the time of 
the expert’s visit with what it was when the Newberry system 
went into effect. At that time the present experienced Engi- 
neer Officer was in charge of the shops of what is now known 
as the Machinery Division. As soon as the Newberry system 
went into effect he was displaced and the work of the Machin- 
ery Division distributed between two young assistant naval 
constructors. The senior of these assistant constructors had 
only completed his college course 20 months before and for 
the last 8 months of this time had been supervising hull repairs 
at Philadelphia. The junior, who was charged with the im- 
portant. duty of making estimates and recommendations for 
machinery work, had had 8 months’ navy-yard experience in 
the hull department, during which time his principal duty was 
the “supervision of requisitions and the purchase of ma- 
terial.” (Report of Secretary of the Navy, 1908, page 
512; 1909, page 491.) He had had absolutely no. ex- 
perience either with the operation or the repair of motive ma- 
chinery, and had completed his course of study at the Massa- 
chusetts Institute of Technology just’8 months before he was 
ordered to Philadelphia. 

If the board of “ experts” could criticize an organization 
where the junior assistant had had only one year’s shop ex- 
perience, imagine’ what their criticism would have been if 
confronted with the organization under the Newberry System 
where the officer in charge of recommending what repairs to 
machinery should or should not be undertaken had been only 8 
months out of school, had had only 8 months’ navy-yard ex- 
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perience, and none whatever in the special work of which he 
had been appointed to assume charge. 


CONCLUSIONS. 


The writer has conversed with numerous technical experts 
and executive officials in regard to their estimate of the value 
of scientific management. Their general opinion appears to 
be reflected in the answer made by a young matron who, re- 
plying to the question as to whether her youthful husband was 
all she expected him to be, stated that, ““he was pretty much 
what she thought he would be, but that was a whole lot short 
of what he thought himself to be.”’ 

Scientific management appears to fall far short, in the fol- 
lowing respects, of what its advocates claim: 

It is exceedingly costly to install. 

It attaches too little value to the humanity of labor. Men 
cannot be forced like machines. 

It discredits labor to an inordinate degree by impeaching 
its integrity. It attempts to set a daily task of such character 
as to be beyond the capacity of the ordinary workman. 

It represses the resourcefulness and initiative of the individ- 
ual workman. 

Intensive work can never be obtained for any extended 
period from the average mechanic. In order to promote his 
own interests or to accomplish some definite purpose the in- 
dividual, for a brief time, may work under such strain. The 
intensive demands of the system will, however, always be a bar 
to its extended use. 

It arouses the resentment of shop superintendents and ad- 
ministrative officials by the tactless manner in which it at- 
tempts to change and discredit existing shop methods and 
business management. 

It calls for an increased staff of planners:and shop foremen, 
although the labor market is already short of competent gue 
termen and subforemen. 

It exploits system to such a degree that it becomes:a hin- 
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drance rather than a help to efficient management and indus- 
trial development. 

Experienced, conscientious and highly proficient mechanics 
will not cheerfully submit to any system of petty tutorage. 
There are so many good shops open to them where they will 
not be subjected to the humiliating situation of having every 
motive impeached and every motion supervised that they will 
not remain in shops where such methods prevail. 

Particularly for repair. work the system tends to discourage 
the mechanic from any inclination to exercise resourcefulness 
and to devise improvements for permanently overcoming any 
inherent defects of design or construction. It is a well-known 
fact that for repair work concentrated effort and sense of per- 
sonal responsibility often results in effecting important changes 
of both arrangement and design: The effort to suppress such 
resourcefulness upon the part of the individual, and the in- 
clination to cast all inventive effort upon management, is not 
in line with engineering advance; it partakes more of the na- 
ture of. retrogression. 

It attempts to put into force methods of. precision, refine- 
ment and discipline that: are not ‘compatible with practical 
shop management. : 

The salient principles of the system have been subjected’ to 
such limited application that». in the attempt to operate the 
system for any extended period, it has been found, notably: in 
the case of the shops of the Santa Fe Railroad Company, that 
the projected ' methods ‘of: operation were of such unstable 
character as to:necessitate constant changes of administration; 
these changes even extending to the administration of the bo- 
nus system of payment. 

Spectacular promises and ‘startling deductions seem to be 
the general rule in exploiting the system and telling of its 
operation. Actual and permanent results, and not promises 
and deductions, are the factors which determine real effi- 
ciency. In the practical operation of the system it is the ex- 
ception where the fancies of the enthusiasts have materialized 
into substantial accomplishments, when measured either from 
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the standpoint of net profits or the humane operation of me- 
chanical activities. 

There is not a single article manufactured under the Taylor 
scientific management system whose cost has been reduced to 
the consumer. 

The numerous isolated instances cited by various experts 
wherein efficiency has been augmented are, as stated by “ En- 
gineering” (London), “‘ examples of a class of improvement 
which is being carried’ on every day and all over the world 
by people who never heard of motion study.” 

The proverb “ that those who live the longest see the most”’ 
appears to be applicable’ in this case. It is significant that, 
with the exception of its originator, the movement has not ap- 
pealed to one recognized captain of industry; nor does it ap- 
pear to have met the approval of any one identified with the 
distinct development of any mechanical industry. One has 
yet to hear of a half-dozen men of mature age, commanding 
executive ability and of recognized talent, who have recom- 
mended adoption of the scheme in anything like its entirety. 

Although its advocates claim that the system is simply an- 
other application of the moral law of the universe, it seems 
quite incongruous that the recognized leader of the movement 
should unqualifiedly assert, that even though the productive 
power of the workmen should be increased three-fold, the 
laborer, by reason of his character and temperament, was en- 
titled to but 60 per cent. increase of wages. Such a code of 
ethics surely falls far short of the basic principles of the moral 
law. 

While the purpose and principles of the system may for a 
brief period meet with the approval of a certain portion of the 
general reading public, such endorsement is of that character 
which commends every movement that has for its object the 
extension of civic righteousness, public comfort and national 
efficiency. The deep-seated opposition of organized labor, 
combined with the skepticism if not hostility of the industrial 
interests, makes it extremely inadvisable for either municipal, 
state, or national authorities to give even semi-official approval 
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to the exploitation of the system. Any official endorsement 
will likely be distorted or interpreted in a manner that will not 
reflect the purpose and spirit intended, It will be a bar rather 
than an aid to promoting either trade conditions or national 
efficiency. 

It has been the combination of patient investigation, sys- 
tematic engineering training and directive ability of its com- 
missioned personnel that has given the American Navy its 
distinguishing lead in fire control, turret efficiency and engi- 
neering accomplishments. Scientific management as _ ex- 
pounded by its advocates would have nullified, in great part, 
this remarkable development of engineering and ordnance ad- 
vance. 

If measured by the results produced, the existing manage- 
ment of our navy yards ought to be regarded as highly satis- 
factory. ‘Their efficiency has been shown by the satisfactory 
performances of the battleships that have been repaired at the 
various naval stations, 

The continued control and detailed management of the navy 
yards by the commissioned personnel is of the utmost im- 
portance to the efficiency of the fleet and to the good of the 
Nation. These naval stations are more than important mili- 
tary adjuncts to the fleet; they are, for the great majority of 
the commissioned personnel, the only post-graduate schools 
of instruction available whereby these officers are enabled to 
obtain ‘that detail knowledge of the design, manufacture and 
installation of naval appliances which must be acquired by 
those to whom the honor and safety of the Nation is entrusted 
on the high seas. 
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THE NAVY’S INTEREST IN THE CAPE COD 
CANAL. 


By J. W. MILLER, LATE LizuT. Compr. U. S. Navy. 


The need of a canal through the eight-mile isthmus sepa- 
rating Barnstable from Buzzard’s Bay has long been felt. 
The Government, the State. and individual effort having failed 
to build it, a Massachusetts corporation is now constructing it. 

From the thirty-foot depth at either end the distance is 
thirteen miles. It runs through the narrow Bourne valley 
where the maximum. .cut is only twenty-nine feet above sea 
level. The depth of the channel will be twenty-five feet at 
low water. There will be no locks. The difference in the 
tidal level between the two bays, being about five feet, will 
give a current for a period of about half an hour during spring 
tides of three knots.. The soil is more stable than was an- 
ticipated and can be relied upon to prevent attrition, although 
a revetment of granite will be provided to overcome any 
possible ‘“‘ wash” from vessels steaming at a six-knot speed. 

The bottom width is to. be one hundred feet, and in the 
central portion, where there.will be two passing points, two 
hundred feet... That of the approaches varies from) two hun- 
dred to three hundred feet: ; One railroad lift Bascule-bridge, 
and two similar, though smaller ones, cross'the canal. These 
can be opened in one minute. 

The canal and the: approaches will be illuminated on: the 
street-lighting electric system and gongs will. be provided as 
fog signals... Thus: vessels will beable. to step from one aid 
to navigation to the next and will avoid overlapping sound 
and the. blinding of pilots through. far-reaching rays. 

A substantial break water,3,000 feet long, containing 400,000 
tons, of granite, amply protects, the eastern entrance from the 
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northeastern gales. The experience of the past two severe 
winters proves that ice will not retard steamer navigation, 
and definitely shows that the drift of coast sand is a negligible 
quantity. oe 

From a practical navigating point of view the canal should 
be more perfect than any at home or abroad. Financially it 
will be remunerative. The securities of the Boston, Cape 
Cod & New York Canal Co. consist of $6,000,000 five per cent. 
bonds, and a similar amount of stock. The traffic today 
passing through Vineyard Sound is 25,000,000 tons per annum. 
The canal will save seventy miles of distarice between Nova 
Scotia and our Southern Atlantic coast ports. It will shorten 
the average trip two days in time, lessen insurance’ rates, and 
diminish fog dangers forty per cent. Vessels will be able to 
make about fifteen more trips per annum. 

Computing the known tonnage against the interest ard a 
proper dividend on the stock, a result is easily reached show- 
ing that the tolls can be made attractive to commerce and 
gainful to the company, especially in these days when quick 
passages are essential even for crude material, such as coal, of 
which there are 11,000,000 tons carried past Cape Cod each 
year. 


Il. 


Such, in brief, are the general features of the Cape Cod Canal 
and their relation to coastwise commerce. To the naval 
student the question of financial returns scarcely appeals. To 
him comes the direct questions : How will the canal affect the 
service? and, Will it contribute in any way to defense or to 
the increase of sea power? 

These questions are worthy of attention today when laymen 
throughout the country are awakening to a renewed interest 
in “improved waterways.” This increasing interest, starting 
from provincial or selfish motives, is gradually concentrating 
upon the broad principle of ocean outlets from the larger 
navigable rivers, as well as upon improved coastwise channels. 
These latter built, the passage of men-of-war and torpedo 
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boats through inshore routes is, in case of hostilities, assured. 
The need of armed convoys for colliers and transports will be 
reduced, while the smaller military craft can proceed, without 
danger from the sea or the enemy, along protected channels 
to their ordered rendezvous. 


III. 


The Cape Cod enterprise will be one of a series to follow, 

from Maine to: the Gulf of Mexico, and the first to be con- 
structed through private capital, consequently its relations to 
Government and State canals will present many problems 
of vital importance. It is patent that the United States is 
not, and will not be able to make the outlay necessary to 
deepen the shallow rivers and sounds of the Atlantic coast. 
Those that will show a profit can easily obtain financial aid. 
Those that will prove of indirect local benefit will be fathered 
by the States. Those that will increase ocean commerce 
must come under the jurisdiction of the General Government. 
The Cape Cod, Erie and Panama Canals are types of the 
three. All will have an interdependence, the one upon the 
other. Questions of jurisdiction over created, improved or 
altered navigable waters, their operation and management, 
lighting and aids to navigation, must all be settled with due 
respect to original ownership and to charters adjusted to con- 
form to local, national and, in some instances, to international 
usage. : 
As the Cape Cod Canal is the first in the field, it may be 
pertinent to state some of the problems which will follow its 
completion in 1913. It is being built to provide for the needs 
of an existing coastwise commerce, yet its military importance, 
recognized by all in high authority during the past one hun- 
dred years, at once brings to the fore the need of making it 
navigable for the deepest draft men-of-war. ‘Capital ships” 
should be capable of using it for the quick protection of any 
portion of the adjacent coast. 

Provincetown and Narragansett Bay are the strategic bases 
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for Boston and New York. Detached ships and squadrons 
must, in some critical war moment, be able to unite, as a fleet, 
with the utmost celerity. Therefore the time now consumed 
in the 160 miles from Point Judith through the outside fog- 
bound passage, in the presence of an enemy, from Newport or 
New York should be reduced. 

With the canal deepened to forty feet, and the East River 
dredged from the navy yard to Rikers Island communication 
through east and west inland protected channels is assured. 

A glance at the chart will show the large protecting power, 
both in time and distance, over present battleship routes, by 
making use of Long Island Sound and the Buzzard Bay route 
for the defense of five States and our most populous eastern 
cities. 

The near completion of the canal makes serious study of this 
subject imperative, especially since the agitation for the im- 
provement of the futile Pollock Rip channel. Money spent 
there will be wasted. It should be applied to the outlying 
channels and breakwaters of thecanal. This course has been 
followed in similar cases at less desirable existing ports; a 
notable instance is the so-called ‘‘ Harbor of Refuge,” at Point 
Judith. Maximum benefits to navigation will thus ensue 
from a minimum outlay on the part of Congress. 

President Belmont, in an address before the National Rivers 
and Harbors Congress at Washington last December, ably out- 
lined the position of the company towards the Government as 
follows : 

“T would be violating my duty as a citizen if I refrained 
today, even at the risk of being misunderstood as to my mean- 
ing and motives, to speak of the possible use, in time of war, 
the Cape Cod Canal might be obliged to serve. 

‘The present canal, as planned, is ample for all purposes 
commercial. We are satisfied with it; need no help to con- 
struct it and want none. But what would happen should the 
Government decide that the canal must be capable of floating 
war vessels? Deepening to 34 feet at low water would be 
necessary to provide this. Unfortunately, the day will soon 
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pass when it will be possible to accomplish it without enor- 
mous added cost for construction and great interruption of 
traffic, if such adecision is delayed beyond this year. 

“ The German Government has just finished the deepening 
and widening of the Kiel Canal for the passage of war ships 
of the largest type. In doing so the Government was obliged 
to excavate a separate cut for the purpose of conducting 
the work while maintaining the traffic with as little inter- 
ference as possible. The cost has been enormous, reaching 

to fifty millions of dollars. 

_ “The fact was brought to the attention of our Government 
last year that the construction of the Cape Cod Canal was a 
definite reality ; that it would probably be completed by 1913, 
and that the cost of widening and deepening it to dimensions 
which would admit of the passage of our Dreadnought-class 
of warships would not exceed three millions of dollars if the 
decision was reached and the work of widening begun before 
the spring of 1912. I have heard nothing further on the 
subject and presume the use of the canal for such a purpose 
is not considered advisable by our best authorities in such 
matters. Should time change this opinion and action become 
necessary, I wish to make this record of our readiness to co- 
operate and perform our part of such a change.” 


CHRONOLOGY OF THE CAPE COD CANAL. 


1602 Cape Cod discovered by Bartholomew Gosnold. 

1605 DeMonts, a Frenchman, cruised around Cape. Called it ‘‘ Malebarre.’’ 

1620 Arrival of the Pilgrims. 

1623 Miles Standish inspecting coast south of Plymouth. 

1627 Standish trading at Manomet with Dutch from New Amsterdam. Boats 
within three miles of each other. Small canal talked of. 

1676 Samuel Sewell examined canal route for ‘‘a passage from the South 
Sea to the North.”’ 

1697 General Court Massachusetts appoints a committee to view the place 
for a passage from Barnstable Bay to Manomet Bay. : 

1717 Captain Cyprian Southack describes a free water connection across the 
Cape. Colony of Massachusetts and many other individual exami- 
nations for shallow canal until 

1776 General Washington ordered Thomas Machin to survey the route which 
would give greater security to navigation and against the enemy.” 
Also James Bowdoin and William Sever appointed a committee to 
investigate subject. 
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1780 General Henry Knox using influence to have Government build canal. 
1791 John Hills and James Winthrop make survey. 

1798 James Sullivan and others petition legislature to build. 

1803 Committee appointed by legislature to interest people in project. 

1808 Gallatin, Secretary of Treasury, advocated it as ‘‘ useful in time of war.” 

1812 Isthmus used by small boats, to avoid capture by ¢he enemy. 

1818 Israel Thorndike and Thomas H. Perkins employed Loammi Baldwin 
to survey route. Five thousand ships rounding the Cape. U. S. 
Senate made survey for a canal sufficient to admit vessels of war. 

1824 U. S., under resolution of Senator Lloyd, ordered Major Perault tomake 
survey. Varous army officers reported route practicable. 

1825 Further surveys made under Government orders until 1827. 

1828 Government Board reports on canal 36 feet wide, 8 feet deep, to cost 
$669,522. 

1844 Lieutenant G. S. Blake, U. S. N., survey. 

1860 Renewed interest by Massachusetts and Government. Surveys by 
Brigadier General J. G. Totten, Professor A. D. Bache, Superintend- 
ent Coast Survey, Commander C. H. Davis, U. S, N., and Lieutenant 
J. Wilkinson, U.S. N. Report on 18-foot canal to cost $10,000,000. 

1870 Charter to Cape Cod Ship Canal Company to Alpheus A. Hardy and 
others. Major General J. G. Foster, U. S. A., examining route 
under orders. Reports on practicability of 23-foot canal without 
locks. 

1870 Senator Chandler introduces Bill in Congress to pay for breakwaters. 

1880 Charter granted to Cape Cod Canal Company, Henry M. Whitney and 
others interested. Some work done, but project abandoned. 

1882 General G. K. Warren, U. S. A. Engineers, reports to Government on 
canal and cost of approaches. 

1883 Cape Cod Ship Canal Company authorized ; William Seward, Samuel 
Fessenden and others interested. Funds advanced by Quincy A. 
Shaw.. Company made contract with F. A. Lockwood. Excavated 
over one million yards and failed. C. M. Thompson, Engineer, 

1890 Property assigned to Colonel Thomas L. Livermore by F. A. Lockwood. 

1891 Charter granted to E. L. Corthell and others in the name of Massa- 
chusetts Maritime Canal Company. This charter lapsed. 

1898 DeWitt C. Flanagan, of New York, became interested. 

1899 June 1, charter to the Boston, Cape Cod and New York Canal Company, 
under which and its amendments present Company acting. 

During the three successive years Mr, Flanagan, General C. C. 
Dodge and associates advocating canal. Reports from the Engineers 
A. L. Rives and E. L. Corthell. 

1904 Mr. August Belmont and others became interested. 

1906 Voluminous report under instructions from William Barclay Parsons, 
C. E., from C. S. Sims to F. D. Underwood. 

1907 May 8, approval by Joint Board of Railroad and Harbor and Land 

Commissioners of the present location of canal. 
1909 June 22, work begun officially by Mr. August Belmont, at Bournedale. 
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TEST OF AN EXTERNAL-JOINT FILM..OIL 
HEATER AT THE ENGINEERING ‘EX-' 
PERIMENT STATION, ANNAPOLIS, 
MARYLAND. 





The object of the test was to determine the rate of heat 
transmission in B.T.U. per square foot of heating surface per 
hour per degree F. temperature difference between the steam 
and the oil for various steam pressures and rates of flow of oil. 
The resistance to flow of oil through the heater and the 
amoutit of oil heated per pound of steam were also found. 

The heater, as shown in Fig. 1, consists of a cylindrical 
composition casting containing two spirally-corrugated copper 
tubes, one of which screws into the other. The oil passes 
upwards through the heater as a film between the two tubes, 
the steam circulating downwards around the outer tube and 
within the inner tube. The steam joints and oil joints are so 
arranged that any failure will cattse the steam or the oil, as 
the case may be, to leak into the atmosphere and thus be 
noticed, with the exception of the permanent connections 
between the inner corrugated tube and the castings at its ends. 
A defective tube might also cause a leak which would not be 
noticed immediately, 

The following dimensions were obtained by measurement 
after the completion of the test: 


Weight, CMpty, DOUNGA... saree asaaraage sacgpasagnnreracsase bi “beatecdaeatinnteness 5074 
Length GOT Ol) SBOt BN ATICHOR. .cccedacsnacophin<adee iAtpacnase dhaacd caus Baar 6-5 
Width over external steam connections, inCheS.........cccreeeeedere scoters » 24 
Bxternal Giameter, ICC oy ccc; sacketsannncbene Meacressnacata tbiaasenati eeu tt 
Outer tube; ; 
Inside diameter, incheg,.......-»r+« sNenkec Oeaiaveatahana’ al dbl cha 4.03 
Depth of corrugations, inChrecey.eecrrrpanesnnrterpecneseenanpenserces coaneager Q.62 
Pitch of corrugations, inches «...,.00 cress vagepp-peeseatransbaornnncepestey 2 
Thickness (assumed), B,W.G. .eorseyer sseeeeys eli a iaiasiaataieatinndais 9 


Length between headers, inches ...........ssssseessesssseesseseeseeceseneees 434 
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Inner tube: LS aa 


t 


Outside diameter, inches...............000 ES a | Ee 5.04 
Depth of corrugations, inch........ akbakaehe SendcGdie CULE ApI Roam sonpse \cesscade 0.68 
Thickness, inch..............cseceee severe teececeguoreecssceececoncnences snseseceeees O.II 
Length between heads, fuclien . BOE Tp 0 SS nee. ES 54 
Steam connections, inch...........d.ccceedesceecee coccsteaceees Ricasiictvs.sts se I 
Oil connections) inChes............:.cceseecceeeereqeceecees SOUETEL csececevecceacd 14 
Distance between center lines of oil ilishigtsthionan: ER cer cccsaccy 414 


The following values have been calculated from the above 
dimensions :. ‘ 


Outer surface of outer tube, square feet ...... ita senance Wacbesehes sues deacdtaea 5.58 
Inner surface of inner tube, square feet...........0... +000 abdbdusenvisocsount 6.13 
Total heating surface, square feet -...00 séseescccsessccesscecessesccessseensceses 11.71 
Maximum inside diameter of outer tube, inches ................seeceesecees 5.27 
Maximum outside diameter of inner tube, inches ................. aimeede 5.04 
Clearance, inch ..,..ccce.cssccscsceeconetaccece SMBUS cts ws daduaecesl cs usp +00 cous cnsteses 0.115 
Sectional area of oil film, square inches Dicnchnshdscete ce iask Ses vecsesccoone 1.86 
Minimum inside diameter of outer tube, inches....................006 siiddin 4.03 
Minimum outside diameter of inner tube, inches ...............cseseeseeees 3.68 
Clearance, inch ..,.........sccsccseeseneees WM ik 25s cio 'sns coe dacs’ ob snd cocvcsccece » 0.9175 
Sectional area of oil film, square incheS....... .......c.ssccseserssceesceesenees 2.12 
Average sectional area of Oil film, square inches.............5...ss0ssseseees 1.99 


GENERAL ARRANGEMENT FOR TEST. 


The general arrangement.of the apparatus for the test is 
shown in Figs. 2 and 3. Provision was made to use the same 
oil over and over again by cooling it in the condenser C. 

The cool oil enters the heater H at a, and when warmed 
leaves it at 6. The warm oil enters the condenser at c where 
a longitudinal pipe is connected having a number of small 
holes to spray the oil over the condenser tubes. The cool oil 
flows from the condenser through the pipes and valves at d into 
the weighing tanks W4, W,and W,. In otder to make more 
effective use of the cooling surfacein the condenser with high 
rates of oil flow, the loop Z was connected to the horizontal 
outlet pipe. When the valve in the horizontal outlet pipe 
is closed and the valve in the loop opened, the oil rises in the 
condenser to a slightly. higher level than the top of the loop, 
thus securing the full effect of the cooling surface immersed 
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in the oil. From the weighing tanks the oil flows through 
the pipes at ¢ into the storage tank 7. An oil-circulating 
pump draws from the tank 7 and discharges at /, on which 
pipe an air chamber is mounted. ‘The air chamber was filled 
with compressed air to secure the full benefit of its entire 
volume. 

The steam enters the heater at m after having its moisture 
removed by a separator and its pressure reduced by the 
pressure-regulating valve R. The condensed steam leaves at 
n, dropping into the condensed-steam receiver Q. The water 
from Q passes through the pipe ~ and a valve to a surface 
condenser or cooling coil not shown. This condenser or cool- 
ing coil simply cools the condensed steam in order that no loss 
will occur by evaporation when this water is run into weigh- 
ing tanks. The pet cock Pon the condensed-steam receiver 
Q was provided to allow the air and other gases (brought 
over with the steam) to escape instead of filling up the heater. 
The fuel oil used in the test was purchased from The Texas 
Company, and showed by test the following characteristics : 
Specific gravity, 0.908 at 67 degrees F. and 0.866 at 160 de- 
grees F.; specific heat, 0.476 between 212 degrees F. and 70 
degrees F.; flash point, 226 degrees F. in open cup and 200 
degrees F. in closed cup; fire point, 248 degrees F. in open 
cup. 

CONDUCT OF TEST. 


One series of runs was made during February, but these 
were discarded when discrepancies appeared in the heat bal- 
ance, attributed to a leak in the condensed-steam line, to the 
location of the oil-throttling valve V, too near the oil outlet 
thermometer 7; (the heat generated at V, being conducted to 
the thermometer 7;), and to the use of an inaccurate value of 
the specific heat of oil. When the second series of runs was 
made, any condensed steam leak was carefully avoided and 
the oil throttling valve 4, was. moved some distance beyond the 
oil outlet thermometer 73. An accurate determination of the 
specific heat was made at the Bureau of Standards, Washing- 


+ 
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ton, D. C... Due to! these precautions the second series of runs 
was more. consistent than the first series. 

Eighteen runs. were inade,,each of. saetaliasls duration, inith 
approximately. 4,000, 6,000 and 9,000 pounds of oil per hour, 
and steam at 10, 50, 100, 150, 200, and 250 pounds per square 
inch gage pressure. Three runs were made with steam 
only to determine the heat lost by radiation; and three of 
short duration with oil only to find the pressure drop through 
the heater. with cold oil, 

The rate of oil flow. was measured by weighing the oil in 
the three tanks W,, W, and. W,... Three tanks were found 
necessary to weigh 9,000 pounds of oil per hour, two tanks 
being emptied while one was filling. The flow was kept 
nearly constant during the run by adjusting the speed of the 
oil pump. 

The pressure of the oil at the outlet, as indicated by the 
gage G,, was kept at 150 pounds per square inch gage by ad- 
justing valve V,.. The pressure drop through the heater was 
obtained by means of the differential gage D. The gage G, 
on the oil inlet was used when the pressure drop exceeded the 
maximum treading on the differential gage. 

The temperature of the entering oil, as indicated by ther- 
mometer 7,, was. kept near 100 degrees F., the flow of cooling 
water through condenser C being regulated during each run. 
This value is in accordance with the claims of the manu- ° 
facturers based upon an entering oil temperature of 100 
degrees F. Several runs, of short duration, however, were 
made to show the effect of a lower temperature upon the 
resistance to flow of oil through the heater. The tempera- 
ture of the leaving oil was indicated by thermometer 7,. 

The pressure of the entering steam was automatically re- 
duced to the desired value by the -pressure-regulating valve 
‘R. ~The temperature of the entering steam ‘was obtained 
from thermometer ‘7;. ‘The temperature and pressure in the 
calorimeter X were obtained from thermometer 7, and mano- 
meter ‘1, respectively. 

The condensed:steam ‘was maintained at a constant levelin 
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the.condensed-steam jreceiver.Q, by regulating the valve V on 
the outlet pipe'~. Its temperature was obtained from ther- 
mometer 7; ‘During each run’ the pet cock P was adjusted 
until a\small.amount of. vapor issued from it... 

All readings of thermometers and gages were taken at five- 
minute intervals during runs 1 to 21, and at two-minute inter- 
vals during runs 22 to 24, with the exception of the barometer, 
which was read at the beginning and-end of each: run. | The 
condenser was'testéd and found ‘tight. ' All: scales, gages and 
thermometers were carefully calibrated before and after the 
test. and corrections applied.. 


OBSERVATIONS AND DEDUCED RESULTS. 


The observations and deduced results are tabulated in Table 
I. Runs 1 to 18 inclusive show the’ operation of the heater 
when 4,000, 6,000 and 9,000 pounds of oil per hour are heated 
by steam having pressures of I0, 50, 100, 150, 200 and 250 
pounds per square inch gage respectively... Runs 19 to 21 in- 
clusive were made with steam only to determine the radiation 
from the heater. Runs 22 to 24 inclusive were made with oil 
only to find the resistance through the heater with cool oil. 

The source of each column in Table I is given below, 
Marks & Davis Steam Tables being used : 


Column, 
I. For reference. 
II. From data taken during test: 
IIL.. From data taken during ‘test., | 
IV. From data taken at» beginning and end:of each run:corrected by 
Smithsonian Meteorological’ Tables. 
V. From data taken during each tun. 
VI. Fromcweighings made duting:each run. 
. From data taken during ’each run. 
. From data taken during each: run. 
. From data taken during each tun: » Diring:runs 13 to. 18 and 22 to 
24 the resistance. was beyond the ‘ratige ofi:the differential! gage. 
. Column IX multiplied by 0.458 and then increased byir.35 pounds , 
per square inch. : In runs 13 to 18 and;22 toi24, the resistance is 
column VIE minus:column.VII:plus:1;35:pounds per-square inch. 
‘The factor 0.458 is:obtained from:(13:58-~0.90) 0.0361, where 
13:58 is the specific gravity of mercury in one leg of the gage, 0.90 
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Column. 


XI. 
XII. 
XIII. 
XIV. 
XV. 
XVI. 
XVII. 


XVIII. 
XIX. 
XX. 
XXI. 
XXII. 


XXIII. 


XXIV. 


XXV. 


XXXVI. 


XXVIII. 
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is the specific gravity of the oil in the other leg of the gage, and 
0.0361 is the‘number of pounds per square inch equivalent to one 
inch of water. The value 1.35 pounds per square inch is the 
pressure equivalent to the head of oil, 414 inches between the 
oil inlet and outlet’ pipes ; for, using a specific gravity of 0.9 for 
the oil, we have 414 X 0.90 X 0.0361 = 1.348 pounds per square 
inch, 

From data taken during each run. 

From data taken during each run. 

Column XII minus column XI. 

Column XXVI minus column XXVII plus column XXVIII. 

From weighings made during each run. 

From data taken during each run. 

Column XVI plus pressure corresponding to barometer reading in 
column IV, 

From data taken during each run, 

From steam tables corresponding to pressure in column XVII. - 

Column XVIII minus column XIX. 

From data taken during each run. 

From data taken during each run. © 

TL 8 A a yay 100, where g is the heat 
of the liquid and vis the latent heat corresponing to pressure in 
column XVII, A is the total heat and 4, is the temerature 
corresponding to the pressure in column XXII, # is the tempera- 
ture in column XXI, and & is the specific heat of the superheated 
steam in the calorimeter, 

From data taken during each run. 





From formula 


From formula WX > where W is the number of pounds of steam 


condensed per hour in column XV, X is the heat required to 
produce dry and saturated steam from the temperature in column 
XXIV, and at the pressure in column XVII, and / is the heat 
required to produce the actual steam from water at the tempera- 
ture in the column XXIV. In the case of wet steam, /H is the 
sum of the latent heat of the percentage of dry steam given in 
column XXIII and the heat of the liquid at the pressure in 
column XVII decreased by the heat of the liquid, corresponding 
to temperature in column XXIV. In the case of superheated 
steam, A is the total heat of steam at pressure in column XVII 
and superheated in column XX decreased by the heat in the 
liquid corresponding to the temperature in column XXIV. 

Column XV multiplied by the value of H determined as explained 
above. 

From formula 35.53 ( ¢% — 4 ), in which ¢, is the the tem- 
perature corresponding to the steam pressure, column XIX, 
?, is the temperature of the room, column V, and the factor 
35.53 B.7.U. is the heat radiated per hour per degree difference 
in steam and room temperature from runs 19 to 21. 
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Column. 


XXVIII. From formula HX 778 = FX 2.309 < W, in which A is the 


heat generated by friction, Fis the resistance, column X, and W 
is the oil flow per hour, column VI. The constant 2.309 is the 
head of water equivalent to one pound per square inch and 0.9 
is the specific gravity of the oil. 

XXIX. Column XIV divided by the product of columns VI and XIII. 


XXX. From formula 73 where VW is the number of pounds of oil 


per hour, column VI, 4 is the average area by measurement be- 


_tween the two corrugated tubes, 4 = sr 0.0138 square foot, 
and D is the density of the oil, D = 62.36  0.866= 54.0 pounds 
per cubic foot. 

XXXI. The difference between columns XXVI and XXVII divided by 
the number of square feet of heating surface by measurement on 
the corrugated tubes, 11.71 square feet, and by the difference of 
the temperatures in columns XIX and XI. 

tla — bi 





XXXII. From formula Dy = ial =S7 Mac where /, is the steam tempera- 
log > 
t, — bt, 


ture, column XIX, /, is the oil inlet. temperature, column XI, 
and ¢, is the oil outlet temperature, column XII. 

XXXIII. The difference between columns XXVI and XXVII divided the 
number of square feet of heating surface by measurement on the 
corrugated tubes, 11.71 square feet, and by the mean tempera- 
ture difference, column XXXII. 

XXXIV. Column XXV divided by 11.71 square feet heating surface. 

XXXV. Column VI divided by column XXV. 


EXAMINATION OF APPARATUS TESTED. 


At the conclusion of the first series of runs the heater was 
taken down and dismantled. The surfaces of the corrugated 
tubes were found coated with a layer of oil. The heater was 
reassembled and filled with a solution of water containing 
about one-half pound of lye. This was allowed to boil for 
one afternoon, low-pressure. steam being admitted to the 
heater in the usual manner. The heater was again dismantled 
the following morning. The oily matter had been removed, 
but the tubes were stained black, and on the lowest corruga- 
tions the black deposit had an appreciable thickness. Some 
of the oil was boiled in a test tube until,.a similar deposit oc- 
curred on the surface of the test tube. Boiling lye, acid or 
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gasoline had. no effect upon the deposit,, The deposit is evi- 
dently asphalt and may best be,removed by mechanical means. 

A longitudinal crack about '¢ inch long..was. discovered at 
the top of one of the corrugations of the initer ‘tube one-third 
its length from the top. This crack had been partly filled 
with soft spelter. The tube was found perfectly tight, how- 
ever, when subjected to 200 pounds ‘per square ‘inch water 
pressufe. The outer tube was likewise wand to be without 
a leak. 9 ' i 

Before : reassembling for the second series of ‘runs the oil 
surfaces of the tubes were carefully cleaned with emery cloth. 
The outer surface of the inner tube was cleaned, by. hand, but 
to clean the.inner surface of the outer tube it was necessary 
to make a device which could be worked from one end of 
the tube... When the second series of runs was completed the 
heater was again dismantled, the oil space having been cleaned 
by blowing steam through it: “The same ‘thin, black deposit 
covered the tubes, and several pieces of waste were found. in 
the oil space. 


- 


SUMMARY AND CONCLUSIONS, 


The results of the test are shown in Table I and.in Curves 


ItoIV. Considering the number of quantities to be regu- 
lated during the runs andthe interrelation of these quantities, 
the results are fairly consistent, with the exception of Run 3. 
The results may be summarized as ‘follows * 

The ‘resistance to the: flow of oi! ‘through the heater is 
directly proportional to the rate’ of flow, is less than 5 pounds 
per'square inch when 6j000 poutids of oil*is' pumped through 
the heater ‘per hour, with an ‘entering teniperature of 100 de- 
grees F. and witha steam pressure of 200 pounds per “square 
inch, and is nearly independent ‘of the oil temperature when 
its mean value exceeds about 150 degrees’ 'F.; ‘but does’ in- 
crease when the mean temperature becomes less’ than 150 de: 
grees.” Incidentally, this shows that the viscosity of ftél oil 
decreases! with arise in temperature’to’ about ‘150 degrées F., 
beyond’ which ‘there is’little change. ‘This conclusion ‘is 
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CURVES I AND II. 
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CuRVE III. 
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CuRVE IV. 
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drawn from Curve I, which shows the variation of resistance 
with the rate of oil flow for both the first and second series of 
runs. The curve for the first series of runs shows the resist- 
ance with a clean heater, while the curves for the second series 
of runs show the effect of several small pieces of waste lodg- 
ing in the oil film. A steam pressure of 10 pounds per square 
inch gage corresponds to a mean temperature of the oil in the 
heater of about 140 degrees F. For 50 to 250 pounds per 
square inch gage the mean oil temperature varies from 150 
to 200 degrees F. 

The specific heat of fuel oil increases with an increase in 
the temperature, as indicated in Curve II. The attempt was 
made at first to form a heat balance by using a constant value 
for the specific heat of the oil. When this was found impossi- 
ble, the heater itself was used asa specific heat apparatus. The 
difference between the results obtained at the Bureau of 
Standards and in this test may be in part attributed to radia- 
tion from the oil connections which were empty when the 
radiation runs were made with steam only. 

The number of pounds of oil heated per pound of steam 
increases very rapidly when low steam pressures are reached, 
see Curve III. The temperature rise of the oil is shown by 
Curve IV. The most economical operation of the system 
would seem to occur when the steam pressure is reduced until 
the oil outlet temperature is not any higher than necessary 
for the operation of the burners. Any unnecessary heat in 
the oil supplied the burners suffers a loss due to the ineffi- 
ciency of the boiler. The gain from such reduction in pres- 
sure, however, may be overbalanced by the introduction of 
another piece of apparatus, a reducing valve, unless exhaust 
steam can be utilized from oil pumps or blower engines de- 
signed for this service. 

The heat transfer per square foot of heating surface, per 
degree of mean temperature difference increases with the 
steam pressure and with the velocity of oil flow. With low 
velocities, however, as for 4,500 pounds of oil per hour, a 
maximum rate of heat transfer is reached at some definite 
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steam pressure, about 200 pounds per square inch in this case, 
beyond which the rate decreases. Such may be the case with 
higher rates of flow at a higher steam pressure than used in 
this test. 

The construction of the heater is such that oil and steam 
can mix only through the failure of the metal of either tube 
or of the joints between the inner tube and the composition 
castings at itsends. A failure at any joint which must be 
broken in dismantling the heater causes a leak of steam or 
oil into the atmosphere. 

While oil can be removed by blowing steam through the 
plugged holes provided for this purpose, the asphalt deposit 
occurring with Texas and California oils can be removed only 
by dismantling the heater. This can be quickly done if suffi- 
cient space is’ provided below the heater (when used in a 
vertical position) for the withdrawal of the inner corrugated 
tubes. 
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THE MONITOR AND THE MERRIMAC. 


By WALTER M. McFarLanp, Member. * 





Fifty years ago, on the 7th of March, the navies of the 
world were still rejoicing in the strength of their “wooden 
walls,” even as Themistocles and the Athenians had done at 
the battle of Salamis about 2,400 years before. In many 
ways naval tactics had changed but little from that early day, 
and the physical prowess of the hardy seaman was still a vital 
factor in battle. Gunpowder had increased the distance at 
which an engagement began, and a limited use of steam, 
which was tolerated as a disagreeable necessity, gave increased 
mobility and partial independence of the wind. The full- 
tigged line-of-battle ship and the frigate, with her cloud of 
snowy canvas, were still the pride of the fighting men in all 
navies. The vessels and the tactics which had sufficed for 
Blake and Nelson, for Van Tromp and DeRuyter and for 
John Paul Jones and Decatur were good enough for their 
successors. There were no great fleets gathered in hostile 
array to settle questions of naval architecture at the same 
time that they fought for a national policy, and the world 
had little thought of the momentous event which was so 
near. And yet, the happenings of the next day, March 8th, 
ended all reliance upon ‘‘ wooden walls,” showed that the day 
of personal physical prowess was over, and that the only de- 
pendable war vessel was the fighting machine—the creature 
of steam and iron. The duel of the next day, March gth, 
whose fiftieth anniversary we are celebrating, emphasized 
more fully the lessons of the previous day, but lessons are for 





* Read at the banquet of the American Society of Naval Engineers, Washington, D. C., 
on March 9, 1912, the 50th anniversary of the battle between the Monitor and Merrimac, 
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those with eyes to see and ears to hear. It ought to have 
been plain that the fighting machine, which had proved that it 
was the survival of the fittest, should be officered by engineers 
and manned by mechanics, but it took us nearly forty years to 
learn the lesson. The change in war-ship design could not, 
however, be made all at once, even physically, and naval 
ptejudices were also a cause of delay for years, but the new era 
had begun. Itis most appropriate that the semi-centennial 
of this first combat between engineers’ ships should be com- 
memorated by this Society of Naval Engineers, especially 
now, when every naval officer is a fighting engineer and 
every seaman a fighting mechanic. 

The circumstances preceding and attending the fight between 
the Monttor and the Merrimac are so important historically, 
and the effect of the two days’ fight at Hampton Roads has 
been so tremendous upon naval design that what, under other 
circumstances, would have been merely an indecisive contest 
has taken rank as one of the great naval battles of history. 
It is hardly necessary to remind this audience, which is so 
well posted technically, that the Monztor and the Merrimac 
were not the first armored vessels. Indeed, a projected armor- 
clad, the Stevens Battery, had been in process of construction 
for many years. Nor was it the first case when armor-clads 
were under fire, because three French vessels took part in an 
engagement against the Kinburn forts in 1855, during the 
Crimean War. Both England and France had a number of 
armored vessels in commission at this time, but there had 
been no strictly naval action in which the armor-clad was 
pitted against the wooden vessel until March 8th, 1862. 

It is so natural that all the glory in any contest should go 
to the victor that we hear much more about the details of the 
Monitor than of the Merrimac, and it seems to me that we are 
apt to give too little credit to the technical officers of the Con- 
federate Navy who turned the hulk of the frigate Merrimac 
into the armor-clad ram which was called the Verginta. She 
was certainly not a very beautiful piece of naval architecture, 
and it is questionable whether she would have been a very 
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good sea boat ; but the fact remains, that for one day she held 
the position of the most dreaded war vessel afloat. You are 
all familiar with her appearance, and I wish only to remark 
that her armor was composed of two layers of iron plates, each 
two inches thick, eight inches wide and ten feet long, and not 
of railroad rails, as is sooften stated. The original Merrimac 
was a sailing frigate with auxiliary steam power, and, as the 
changes were all made in her upper works, she obviously was 
slow. Her pre-eminent features were the almost impenetrable 
armor surrounding a minimum gun platform, the entire ab- 
sence of masts and top hamper, and the ram. 

It is hard to say with just what feelings the men on the 
wooden vessels of the Federal Navy awaited the approach of 
the Merrimac, but when we remember that there were pres- 
ent several sailing vessels without even auxiliary steam 
power, two of which, the Congress and the Cumberland, were 
destroyed by the ram, it would look as though she was 
not deemed to be invincible. I need not go into the details 
of the combat of March 8th, because you all know them so 
well, but it proved that against the best ordnance of the day 
the armor of the Merrimac was impenetrable, and that, hav- 
ing destroyed a part of it, the rest of the wooden fleet at 
Hampton Roads was absolutely at her mercy and convenience. 
History tells us of the consternation all through the North at 
the destruction wrought by this new type of naval vessel. It 
was actually believed by many that, after destroying the rest 
of the fleet in Hampton Roads, the Merrimac would proceed 
to the Northern cities and lay them under tribute. It must 
have caused many a bitter regret on the part of the respon- 
sible naval officials that they had not earlier appreciated the 
importance of armor, so as to have at least a few armor clads 
in the Federal Navy ready for service. The elation of the 
Confederates was correspondingly great, and my classmate, 
Captain Bennett, in his ‘‘ History of the Steam Navy,” allows 
himself to imagine the thoughts of Catesby Jones, who suc- 
ceeded Buchanan in command of the Merrimac, as he may 
well have dreamed of himself as the arbiter of the war then 
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going on and a possible President of the Southern Confed- 
eracy. 

The Federal authorities had not been entirely indifferent 
to the possible value of armored vessels, and a Board of distin- 
guished naval officers had been appointed to consider the 
subject in 1861. One is struck by the fact that there was no 
naval constructor on this Board, but he is amazed to learn 
that the Board asked that one should be detailed to assist 
them and were denied. They say, ‘‘It appears that they are 
all so employed on important service that none could be 
assigned to this duty.” Could anything show more thor- 
oughly how little was the fact appreciated that the wooden 
age was about to give way to that of iron? The Board sub- 
mitted a report which can certainly not be called enthusiastic 
as to the value of armored vessels, and indeed took the view 
that it would probably be impracticable to construct them 
for regular cruising service. It did, however, believe that as 
floating batteries of light draught for service in inland waters 
they might be useful, and recommended that some be built. 
Familiar as we are today with the enterprise of the technical 
bureaus of our Navy, it seems almost inconceivable that no 
plans for an armored vessel were prepared by the Bureau 
of Construction in 1861, although the ‘important service” 
(whatever it was) on which the constructors were all em- 
ployed may account for it. The Act of Congress of August 
3, 1861, provided for the examination by the Board of officers 
of the “plans and specifications which may be submitted,” 
and does not limit them to those originating outside the 
Service. It is also astonishing that no individual naval officer 
had any plan. Seventeen propositions were submitted, all 
by civilians. It was in accordance with the recommendation 
of this Board that the Monztor was one of three armored 
vessels to be contracted for. . 

The whole story of the design and construction of the 
Monitor is so romantic and so interesting that, if time had 
permitted, the Committee would have been only too glad ‘to 
ask the distinguished historian of Captain Ericcson to tell it 
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tous. Itis.a record of good work against many obstacles 
and, if told in detail, would show how great events some 
times hang upon matters which seemingly have no connec- 
tion with them. The design of the Monitor was different 
from anything which had ever appeared as a fighting vessel, 
and naturally aroused the derision of those who find any 
variation from the commonplace amusing, and whose chief 
aim in life is to make a clever epigram. You all know how 
she was referred to as “‘a cheese box on a raft.” However, 
Ericcson himself had all the temperamental enthusiasm of the 
genius, and both he and the country were singularly fortunate 
in the man who was detailed as Government Inspector, Chief 
Engineer Alban C. Stimers. He made himself thoroughly 
familiar with every detail of the ship and knew it so well 
that he could operate every valve and lever. She was pre- 
eminently an engineers’ ship, because without steam and its 
skilful application she would have been not only helpless, 
but what the monitors were afterwards sometimes called, “an 
iron coffin for a crew.” 

It was known that the work of transforming the Merrimac 
into an armor-clad was being pushed rapidly by the Confed- 
erates, and in consequence work-on the Monitor was also 
hastened as much as possible. She was sent to sea on her 
way to Hampton Roads before she had been thoroughly tested, 
but the demand for her services would not permit any shaking- 
down trials. It was a strenuous voyage, and, on several 
occasions it seemed as if the vessel would be lost. She cer- 
‘ tainly would never have survived but for the heroism of all 
on board, and especially of Stimers and Newton, the engi- 
neers. ' She arrived at Hampton Roads late in the afternoon 
of March 8, just in time to hear the last shots of the battle 
which marked the downfall of the wooden fleets of the world. 
Officers and men were worn out by over exertion and loss of 
sleep; but there was no time for rest; the exigency for 
which:she was constructed was at hand and she must prove 
her value. 

I wonder if we can really do full justice to the courage and 
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fortitude of the gallant crew of the Monztor. Knowing the 
actual result of the combat with the Merrimac, are we not prone 
to think that they must have known it in advance and gone into 
the action with merry hearts sure of victory?) On the con- 
trary, it seems to me they may have felt anything but con- 
fidence. They were only about one-fourth the size of their 
adversary, and had only two guns against ten. These were 
heavier, it is true, than any on the other ship, but nobody 
had ever had any experience as to the effect of projectiles 
against armor at close range. As already stated, everybody 
was exhausted. Indeed, Stimers and Newton had been nearly 
asphyxiated on the way down, owing to the failure of the 
ventilating blowers, and Newton was sick in bed. Neither offi- 
cers nor men had had time to become familiar with the machine 
which they had to handle; such experience as they had gone 
through was rather calculated to shake their confidence. -I 
feel, therefore, that we cannot admire too highly their stead- 
fastness and bravery, and they deserve even’ more credit for 
going into the fight than they received for their victory. 

To tell the story of the fight of March 9th as it deserves, 
one must be an orator, to which I can lay no claim. The 
circumstances would enthuse the dullest mind, and they have 
many a time inspired both poetry and oratory. The disparity 
in size undoubtedly suggested at once the combat between 
David and Goliath, and, indeed, the whole combat was pic- 
turesque in the highest degree. I want to emphasize, as I 
have already remarked, that this was the first fight between 
engineers’ ships, by which I mean that both vessels were 
steamers with no other method of propulsion, that there was 
no thought of boarding, and that as an example of utilization 
of the powers of nature, which is the éngineer’s: special 
function, these vessels marked an era in naval history. It 
was no longer the physical courage of personal combat: and 
the brawny arm, but the higher moral courage of the cool 
scientist, knowing the value of the weapons at his:command 
and possessed of the skill and ability to utilize them with the 
highest efficiency. Incidentally there was an illustration of 
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the great value of the method of naval organization and train- 
ing to which we came nearly forty years afterwards in having 
every officer a trained engineer as well as a fighting man. As 
already mentioned, Chief Engineer Stimers had made himself 
absolutely familiar with every detail of the Monztor. He was 
not a part of her regular complement, but went as a volunteer 
to assist in her operation. After the heroic Worden had been 
wounded and the gallant young lieutenant, Greene, had left 
the turret and taken his place in the pilot house, as com- 
manding officer, Stimers took command of the turret, where 
he had been during the entire engagement, to insure that it 
properly answered its function as a gun carriage. 

It is most interesting to consider how this combat was a 
foreshadowing of the conditions of a naval action of today. 
As has been cleverly pointed out by Capt. Van Duzer, of our 
Navy, if the sides of the Merrimac were made vertical and a 
turret put at each end, we would have the battleship prior to 
the Dreadnought type, and this latter only adds a few more 
turrets. In other words, in the two combatants of 1862 we 
haye the essential elements of the battleship of today—the 
great fighting machine—the creature of the engineer and 
dependent on him to operate it with complete efficiency. 

From one point of view the combat was indecisive, in that 
neither of the armor clads was seriously injured or forced to 
surrender, but from another it was a great victory for the 
Monitor, because the Merrimac had come out expecting fully 
to destroy the Federal ships and was compelled to withdraw, 
having entirely failed in her mission. It was no wonder that 
the praises of the Monztor, of her designer Captain Ericcson, 
and of the officers and crew of the vessel were in every mouth. 
The people of the North felt that they had been delivered 
from the attacks of a terrible monster, and they could not do 
too much to show their gratitude and rejoicing. The victory 
led, as could be expected, to:'the construction of a large num- 
ber of monitors, and for many years this was looked upon as 
the distinctively American type of armored vessel. Foreign 
navies built a few of them, but perhaps a certain amount of 
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prejudice and possibly a correct view of naval design led them 
to the conclusion that, for deep-water cruising, a vessel of 
much higher free board was necessary. I was much struck 
in looking over the article on shipbuilding in the latest. 
edition of the Encyclopedia Britannica, where the subject of 
armored ships is treated, to notice an expression which, in 
view of all our knowledge, seems highly significant. After 
telling of the early work of building iron-clads in England, 
of which the Warrior was the first, in 1859, the paragraph 
begins: “It was in 1863 that the real reorganization of the 
British Navy occurred, under Sir Edward Reed.” You 
will note that this was very soon after the Monztor and 
Merrimac fight. 

There are many lessons to be drawn from this historic event, 
but time will not permit a consideration of all of them. I 
wish, however, to dwell just a little on one phase of the sub- 
ject. There has been an unwarranted tendency in our country 
to trust to luck or Providence to get us out of trouble, relying 
on what we like to believe is a peculiarly American charac- 
teristic, ingenuity. In other words, it seems to be believed 
that we can let the world move on in military affairs, with con- 
stant improvements, waiting until the necessity arises before 
we attempt to meet it. We have not been guilty of this in 
recent years, as our present magnificent fleet shows, but there 
are constant evidences of this spirit in certain quarters and it 
it is by no means dead. Such optimists might be inclined to 
cite the case of the Monztor and the Merrimac as conclusive 
proof that, when the occasion arises, we shall be able to meet 
it. I do not think a fair analysis of the case warrants any 
such conclusion. On the contrary, the facts are exactly the 
reverse. It is to be remembered that, if the Union Navy was 
not up to date, the Confederates had no navy-at all. The 
Merrimac herself was the rehabilitation of a vessel which had 
been partly burned and sunk, yet the armor-clad hastily con- 
structed out of this wreck proved invincible against the vessels 
of the Union Navy which were within twenty miles of where ° 
she was building and which awaited her. Have we the right 
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to be so very proud of the ingenuity which enabled us to con- 
quer such a temporary construction, and this the only one 
of its kind? Suppose that France, which then had at least 
half a dozen armor-clads, had backed up the South, what could 
the little W/onztor have done against so many ? 

No. In the words of the great Jefferson, “The price of 
liberty is eternal vigilance,” and in military matters we can 
paraphrase this and say that “the price of independence and 
peace of mind is eternal preparedness.” Battleships cannot 
be built in a day, nor even in a hundred days, as the Monztor 
was. It isa matter of years. The other great nations of the 
world are systematically keeping their fleets in a condition of 
the highest efficiency, and if the Great Republic of the West 
is to deserve and maintain her place among the nations, she 
must do the same. We are rightly urged to have a definite 
“naval program,” and this is discussed as if it were a new idea. 
I confess that I was surprised myself to find recently that, 
almost five hundred years before our era, Themistocles, after 
the battle of Marathon, and realizing that the final question 
of Persian or Grecian supremacy would be fought out on the 
sea, prevailed upon the Athenians to establish a naval program 
by utilizing the output of the silver mines at Laurium to 
build each year a certain number of triremes, instead of dis- 
tributing it among the citizens as had been at first intended. 
The fleet which resulted enabled the Athenians to win the 
great victory at Salamis. 

It must strike you at once that there is a remarkable simi- 
larity between this ancient history and the condition which 
confronts our Navy today. ‘Those who best know the needs 
of the Navy are urging a definite program, to which, unfortu- 
nately, some of our legislators are turning deaf ears. We 
have not, indeed, any silver mines belonging to the Govern- 
ment, but we have the money from taxation, and it has been 
proposed ‘to distribute a vast sum among certain of our people. 
Many. of us believe that this could be much better employed 
in carrying out a definite naval program, which would insure 
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the maintenance of our fleet in a constant state of the highest 
efficiency. Our statesmen of an older day were very fond of 
going back to the Greek republics for lessons to guide us. 
May we not ask those of today to study the story of Themis- 
tocles and the upbuilding of the Athenian fleet as an example 
well worthy of their emulation? 
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THE ORIGINAL CONTRACT FOR THE MONITOR.* 
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A METALLOGRAPHIC STUDY OF FAILURES IN 
METALS CONDUCTED AT THE U. S. NAVAL EN- 
GINEERING EXPERIMENT STATION, ANNAPO- 
LIS, MARYLAND. 


By J. F. Dantets, LiEUTENANT, U. S. Navy. 





During the past year the U. S. Naval Engineering Experi- 
ment Station has been equipped with suitable apparatus for 
the examination of the micro structure of metals, and several 
interesting cases of failures of metals have been studied. The 
object of this paper is to’present some of these from a metallo- 
gtaphic view-point. 

It must be remembered that metallography, of itself, does 
not cover the entire range of tests of metals, but supplements 
chemical and physical tests. Indeed, all three methods of test- 
ing are necessary, for while a chemical analysis, or a physical 
test, may show faulty metal, they sometimes overlook im- 
portant features which are factors in an ultimate breakdown. 
For the benefit of the many whose fields of labor have not 
brought them in contact with the study of metallography, an 
outline of a section of this important science may not be out 
of place. 

Briefly, a metal is made up of a number of irregular poly- 
hedral grains or crystals. These cannot be seen by the un- 
aided eye, but with the metal properly prepared and placed 
under a microscope the crystalline grains -are brought: out 
clearly, and the structure of the metal revealed. The structure 
thus presented is different for various metals; and unlike 
in the same metal when the metal has been subjected to a 
different heat treatment. The structure of ferrous metals de- 
pends, in addition to the heat treatment received, on the car- 
bon content. Beginning at the lowest limit, and up to a car- 
bon content of 0.89 per cent., the metal consists of two specific 
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constituents—ferrite, or pure iron, and pearlite.* At 0.90 
per cent. the metal consists of pearlite alone, the eutectic} mix- 
ture. Above 0.90 per cent. the metal separates again into two 
well defined constituents—cementite, or iron carbide, and 
pearlite. 


This relation is diagramatically represented in the following 
figure (after A. Sauveur): 
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A steel containing less than the eutectic proportion 0.90 per 
cent. carbon, is termed “ Hypoeutectic.” Above the eutectic 
proportion of 0.90 per cent. of carbon the steel is termed “ Hy- 
pereutectic.” The eutectic proportion may be considered as 
the point of carbon content at which the component ferrite 
and cementite will both be satisfied. Below it the ferrite, or 
nearly carbonless iron, predominates. Above it the cementite 
is in excess. Depending upon the carbon content, a metal 
may be said to be a low, medium, or high-carbon steel. The 
metals under examination were of the low-carbon variety. 


*An intimate mixture, or alternating plates, of cementite and ferrite. 
7 The eutectic point is the common point of intersection of two inclined branches, 
and an approximately horizontal line in the freezing-point curves. The alloy which 


has the composition corresponding with the eutectic point is called an eutectic alloy; 


before solidification, a eutectic solution; after solidification, a ‘eutectic mixture. 
(Mellor.) 
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In making an examination of a metal that has failed in ser- 
vice, certain specimens are selected, prepared and examined. 
It quite frequently happens that some, or many, of these are 
discarded and others taken in their stead. When a particular 
specimen containing a hint as to the probable or contributory 
cause of the rupture is found, the point from which it is taken 
becomes a base, and the whole region is carefully examined. 
This process continues until sufficient evidence is accumulated 
to establish a logical finding. 
If doubt exists as to whether or not the metal has received 
proper heat treatment, specimens may be compared with stand- 
ard samples established, or the metal itself may be subjected to 
proper heat treatment and the structures then compared with 
records previously made. 


EXAMINATION OF A RUPTURED WATER DRUM. 


The first failure of metal examined was a steel plate from a 
section of a water drum of a water-tube boiler that had rup- 
tured in service. Physical tests were made from three tensile- 
test specimens cut from the ruptured metal, the results of 
which are given in the following table :-— 


Original size from which the specimen Ruptured sheet from the top side 





was taken. of crack, from tube sheet. 

TAREE oieiicccdsccesnc’ sencdusiccsaseeecascdssen a Nek 2-T 3-T 
Size, in inches......... bisdes dich actbaveudacebedécane -581X1.5 5X15 «51S X1.25 
Area, in square imChes.............0ssseeeceserees 8715 “75 -6437 
Length, im inches. ..........ssccceseseosereseseeees 8 8 8 
Elastic limit, in pounds............cccceceeseeees 32,000 39,000 28,700 
Ultimate stress, in pounds....................... 60,890 52,870 43,490 
Elongation, in inches......... S4iccshovs sete ne 1 36 1.04 1.5 
Fracture, in imches..........00...sccsseeeeseseeees - 4X15 -345X1.21  .355X.93 
Area of fracture, in square inches............ 46 4174 33 
Elongation, per cent................08. ccdueksbee 17 13 18.75 
Reduction of area, per Cent...:...........+e0ee + 47.2 44.3 48.7 
Elastic limit, in pounds per square inch... 36,700 - 52,000 44,500 
Ultimate stress, pounds per square inch... 69,900 70,500 67,500 

*1-T cut from end of drum; t2-T first broke outside of points at 46,410 

2-T cut from center of drum ; pounds. 


3-T cut from back end of drum, 














456 METALLOGRAPHIC STUDY OF FAILURES IN METALS. 


The samples subjected to tensile tests were marked 1-T, 
2-T, and 3-T, respectively. Additional pieces taken from the 
immediate neighborhood, and given the same_ identification 
marks as above, were prepared for microscopic examination. 

This work of preparation consists of cutting pieces up into 
small specimens and polishing the surfaces to be examined to 
a mirror-like finish. The pieces are then examined under the 
microscope for flaws or slag, as these are more easily seen at 
this stage of the work. The next step is to etch the polished 
specimen with some suitable reagent, such as a nitric or picric- 
acid solution. This serves to bring out the crystal formation. 

The specimen may now be. studied under the microscope 
and, if desired, a photo-micrograph made as a matter of rec- 
ord. Photo-micrograph, Fig. 1, shows a polished specimen. 
The figure is of low magnification, and shows clearly an ex- 
tensive slag region. Fig. 2 is a photo-micrograph of the same 
specimen, but etched to bring out the structure. The mag- 
nification here is high. Examination of this figure shows'the 
slag inclusion bordered by great patches of ferrite (the white 
areas are ferrite, the dark ones pearlite). The grains are 
abnormally large, and the structure lacks homogeneity. Com- 
pare this structure with the finely-balanced formation shown 
on Fig. 3, a photo-micrograph taken from an excellent piece 
of metal and selected for comparison. Fig. 4 is a photo- 
micrograph, taken from the same specimen as that used for 
Figs. 1 and 2, but from a region clear of the slag area. The 
grains are large and segregation is shown. ‘These specimens 
were characteristic of the samples marked 1-T. 

The samples marked 2-T were next examined, Fig. 5 
shows a photo-micrograph taken from one of the specimens 
prepared. Extreme segregation is evident. This is , more 
clearly shown in Fig. 6, the magnification of which is pur- 
posely made low in order to cover a wide field. The streaks 
or ghosts of ferrite extend throughout the mass, forming 
planes of. weakness therein. As noted in the physical tests, 
the 2-T metal broke outside the points at 46,410 pounds. This 









Fic. 1. X 40, not etched. Fic. 4. X 87, etched with nitric acid. 





Fic. 2. X 87, etched with nitric acid. BiG. 5: MRP etaleed williuitiic acid: : 





Fic. 3. X 57, etched with nitric acid. Fic. 6. X 44, etched with nitric acid. 
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X 87, etched with nitric acid. 





X 113, etched with nitric acid. 


Fic. 11. 


FIG, 12. 
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FIG. 10. X 87, not etched. 





X 87, etched with nitric acid. 





X 87, etched with nitric acid, 
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FG. 13. X 87, etched with nitric acid. X 87, etched with nitric acid. 








FiG. 14. X 87, etched with nitric acid. FIG. 17. X 87, etched with nitric acid. 


Fic. 15. X ‘7, etched with nitric acid. FIG. 18. X 87, etched with nitric acid. 











Fic. 20. 57, etched with nitric acid. 





FIG. 21, 57, etched with nitric acid. 
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occurred along one of the ferrite streaks or ghosts. These 
figures are characteristic of the samples marked 2-T. 

The 3-T samples were examined, and the results are shown 
in the following figures: Fig. 7, 8. These photo-micrographs 
are characteristic of the appearance of the metal mentioned 
above. Great island-like grains of ferrite predominate. Com- 
pare these structures with that shown on Fig. 9, the carbon 
content of which is very close to that of the metal under in- 
vestigation. The former lacks, and the latter possesses, homo- 
geneity of structure. There is no doubt that the metal under 
observation had been subjected to improper heat treatment, as 
evidenced by the grain growth. The slag areas and the ten- 
dency to segregate into streaked regions formed planes of 
weakness that, ultimately, permitted a breakdown. 


BULGED FURNACE OF A SCOTCH BOILER. 


The second series of specimens about to be described was 
taken from the metal of a boiler furnace that had bulged badly 
in service. The metal is a low-carbon steel. 

Figs. 10 and 11 represent the same specimen, the first pol- 
ished and the second etched. ‘They were selected, from the 
many pieces examined, to show the great patches of slag in- 
clusion. The metal was filled with impurities, few pieces 
being found that did not show extensive areas of slag. These 
areas are shown in photo-micrographic Figures 10 to 17. In 
nearly every case the slag inclusion is found imbedded in 
segregated areas of ferrite. Fig. 18 is characteristic of the 
grain size in regions clear of the large slag areas, while at 
certain points remote from these regions the structure pre- 
sented the appearance shown on Fig. 19. 

As exhibited in the figures, the metal under observation did 
not show a degree of fineness of grain indicative of solid and 
dense structures. The slag areas were extensive enough to 
form planes of weakness at critical points, being imbedded, 
or surrounded in every case, by segregated regions of ferrite. 
Lack of homogeneity is evident throughout, and the internal 
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structure was weakened by (1) the planes of weakness shown 
to exist, (2) enlarged grain size, and (3) the abnormal amount 
of slag present. It would seem that it could only be a matter 
of time for such a metal to fail in service. 


THIRD SERIES. 


The third series of specimens examined was taken from the 
metal of a second ruptured water drum, The metal had 
passed satisfactory chemical and physical tests, the rupture 
taking place on final testing after the drum had been assembled. 
It may be mentioned that certain bending of the metal, to shape 
the drum, is done cold. Fig. 20 is a photo-micrograph taken 
from a specimen of this metal. An extensive segregated area 
was found. The segregation extended along the whole line of 
the rupture, developing finally into single streaks as shown on 
Fig. 21. At intervals, minute fissures or cracks were found, 
as exhibited in Figs. 22 and 23, and distorted grain structures, 
as exhibited in Fig. 24, showing the effects of cold work on 
‘the metal. 
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PAINTING ENGINE AND FIREROOM BILGES. 


By HENRY WILLIAMS, NAVAL ConsTRUCTOR, U. S. NAvy. 


When steel ships and, for that matter, steel buildings came 
first into general use it was anticipated that especial precau- 
tions would have to be taken to protect the steel from corro- 
sion. In the case of ships it was concluded naturally that the 
outer-skin plating, the part most exposed to the corrosive 
action of the water, would be the first to deteriorate. As the 
integrity of the structure depends upon keeping the hull in- 
tact, a great amount of care and attention always have been 
bestowed on that part of the ship. There is another motive 
in caring for the outer hull of a vessel, and that is the neces- 
sity for keeping its surface clear of marine growths and other 
fouling matter. These two considerations combined have re- 
sulted generally in such good care that one practically never 
hears of a steel ship that has had a hole in its bottom plating 
due to corrosion from the outside. Frequently holes come as 
a result of corrosion on the inside. More frequently, per- 
haps, because nearly all sea-going vessels nowadays have 
double bottoms, it is the inner bottoms that suffer most from 
the corrosion, and the locations affected are almost invariably 
in the machinery spaces. It is a well-known fact that the 
steel structure in these spaces is especially liable to corrosion 
and that it is most difficult to keep the surface properly cov- 
ered with paint. Some ship builders even have adopted the 
expedient of using wrought-iron plates for inner bottoms in 
this space, with the idea that it is less subject to corrosion 
than steel. 

Under the electrolytic theory of corrosion, which now is 
accepted generally and which appears to account for all of the 
phenomena and to be consistent with observed action, all cor- 
rosion of steel surfaces is due to a difference of electric poten- 
tial between adjacent points. This may be caused by the un- 
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even distribution of the various components or by the presence 
of a different metal. Where such difference of potential 
exists a current will pass when there is an electrolyte present. 
Moisture is sufficient for this purpose. The substance at the 
higher potential will pass into solution carrying an electrical 
charge, which is neutralized by oxidation in the case of* steel, 
and the process continues indefinitely. 

The conditions requisite for liability to corrosion are pres- 
ent usually in the locality under discussion. There is almost 
continual presence of water in the bilges, and it may be hot 
and salty, or have in solution lye or the soluble salts from 
ashes, all of which makes it more effective as an electrolyte. 
Further, it has mixed with it frequently ashes or oil, so that 
ordinary paint has not much chance of adhering, even if 
through an unusual effort the bilges are dried and cleaned 
sufficiently to permit of them being painted at all. The ashes 
exert an abrasive effect on the paint, and the oil and lye soften 
and dissolve it. There is often a considerable acceleration of 
the electrolytic action due to the large amount of brass and 
copper used in the piping and structures. and the frequent 
presence in contact with the steel of brass and copper filings, 
or articles of brass stowed in the biiges. The heat of the 
boilers and of the steam pipes stimulates corrosion, and fre- 
quently there is local corrosion cue to continued drip of water 
at some spots. 

That serious deterioration has taken place on naval vessels 
due to such corrosion in the past is evidenced by the bills. for 
repairs to the inner bottoms in machinery spaces. It is the 
universal experience that at the end of about four years’ 
service it begins to becoine necessary to patch inner bottoms, 
and after about ten years the repairs ,are so extensive as to 
have cost in the case of a battleship overhauling recently for 
structural work alone about $15,000.00, besides the incidental 
costs. ‘These repairs are especially difficult and expensive, 
due to the necessity for removing piping and auxiliary ma- 
chinery and to the restricted spaces.in which the,work must be 
done. 
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The writer has had occasion recently to inspect the bottoms 
in machinery spaces of a number of older vessels in the Navy, 
and found in every case very marked deterioration of the 
inner bottom or, on ships having none, of the framing, floor 
plates and. shell plating. This took place in spite of consid- 
erable effort of the ship’s people to scale and paint the metal, 
and in several cases there was abundant evidence’ that the 
corrosion had proceeded under an apparently sound coat of 
red-lead paint., In all these cases considerable expenditure of 
money was necessary for repairs, and in each of them an 
ounce of proper kind: of prevention would have saved many 
pounds of cure. The Board of Inspection and Survey has 
had occasion frequently to report unsatisfactory conditions 
in these spaces and to recommend greater care on the part of 
_ the ship's: people. 

The foregoing should serve. to indicate the necessity for 
heroic measures for the protection from corrosion of ‘steel 
ships in the spaces mentioned and justify a discussion of. the 
various methods adopted, their advantages and the consid- 
erations affecting each. 

Formerly the painting instructions for naval vessels re- 
quired that all metal surfaces below the floor plates in engine 
and boiler rooms be’ given at least three coats of .red-lead 
paint made with linseed oil. This method of painting was 
in vogue for many years, and to say that it has not proved 
satisfactory states the case mildly. 

In the first place, due to the continual presence of moisture 
of condensation, if not.of actual water in the bilges, it is ex- 
tremely difficult to apply the linseed-oil paint so that: it will 
adhere to the metal and afford the protection it is intended to 
give. In such cases frequently there is a film of paint appar- 
ently sound, but under which corrosion is taking place. In 
other cases the paint. applied has not adhered and the metal 
was left bare until opportunity came for another trial, 

Consideration of the characteristics of paint made from red 
lead mixed with linseed oil should condemn its, use for, such 
locations. Linseed oil isa glyceride of fatty acids and it may 
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be saponified by the action of water alone. This saponifica- 
tion explains the well-known fact that linseed-oil paints, 
especially those containing lead, which aids the action, do not 
resist water. ‘There are, however, many paint pigments and 
vehicles that do resist the action of water, and special damp- 
resisting or waterproof paints are made and sold by many 
firms. Asphaltum products usually are the bases of such 
paints, China-wood oil and linseed oil treated to eliminate the 
glycerine being added frequently. There are in existence many 
paints which, being waterproof, are better suited for the pur- 
pose under discussion than red lead and linseed oil. This 
quality of waterproofness alone does not meet the difficulty 
of rendering the surfaces dry for a sufficiently long time to 
permit the application and hardening of the paint. There are 
damp-proof paints which have the quality of drying in the . 
presence of moisture, and for many locations on shipboard 
besides those in the machinery spaces such a paint would seem 
to be almost indispensable. 

Dr. Cushman classifies the three main methods generally 
used for the protection of steel as follows: 

(1) Protective coatings of metal and alloys. 

(2) Magnetic oxide surfaces. 

(3) Paint coverings, including linseed-oil paints, varnishes, 
lacquers, bitumen and cements. 

Under the first class of protective methods, the use of zinc 
for the protection of steel is the most important and efficacious. 
Zine is electro-positive to steel, but its work of protection is 
accomplished through its own destruction. Bearing this in 
mind, it is seen readily that even if it were possible to use 
galvanized plates for inner bottoms, it is probable that the 
zinc coating would last a short time only. The use of zinc 
plates, secured to the steel at points especially liable to corro- 
sion, it is believed would prove a valuable expedient. This is 
done for exteriors of the underwater bodies of naval vessels, 
and zine protecting plates are secured around the openings 
to suctions or discharges the sea chests for which generally 
are made of brass, and also in the vicinity of the propellers 
made of bronze. 
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The second method consists of producing magnetic-oxide 
surfaces on steel or iron and these are obviously unrustible. 
Unfortunately the oxide is electro-negative to the steel, and 
any break in the surface results in more rapid corrosion of 
the steel due to accelerated electrolysis through the action 
of the oxide. This method therefore is impracticable for the 
purpose under discussion. 

The third method remains as the one on which main reli- 
ance must be placed, and a study of the question of protec- 
tion of steel inner bottoms reduces itself apparently to a search 
for the most efficient paint material for the purpose, including, 
of course, cements under the general heading of paint. 

Of all protective coverings, outside of the naval service, 
Portland cement probably is the one used most commonly 
for the protection of inner bottoms and bilges. Where it can 
be made to adhere tightly to the steel it affords excellent pro- 
tection. It should be borne in mind that there are some kinds 
of cement which contain calcium sulphate in excess and pro- 
duce corrosive action on steel, through the breaking down of 
the sulphate into sulphuric acid. 

Unfortunately, however, there are two objections to the use 
of cement in such quantities as would be necessary here. The 
first of these precludes it for warships, as its weight is pro- 
hibitive when applied in sufficient thickness to form a solid 
body. The second is the difficulty of obtaining adherence to 
large flat surfaces, such as inner bottoms of men-of-war, and 
which are subject to some distortion, either on account of the 
heat of the boilers or the pressure from the feed tanks under- 
neath when filled with water under head. In spite, however, 
of its weight Portland cement offers many advantages for use 
in pockets and spaces that may be difficult or impossible of 
access for painting. For such purposes considerable quan- 
tities are used even on naval vessels. 

As has been noted above, among the most efficient of the 
damp-proof paints are those containing asphaltum as a base, 
and this class of paints has given excellent service in fire and 
engine-room bilges. ‘The best known, probably, are the so- 
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called bitumastic compounds which have been used for a num- 
ber of years in the merchant service with excellent results. 
The Bureau of Construction and Repair recognized these facts 
several years ago and provided in specifications for new ships 
that bitumastic materials or their equivalent be used on inner 
bottoms in machinery spaces and on bulkheads and founda- 
tions in machinery spaces to the height of the floor plates. 
The name “ Bitumastic” is the proprietary name adopted by 
one of the firms manufacturing and applying the materials, 
and seems to have been adopted to describe all similar ma- 
terials, of which there are a number, apparently differing little 
in composition or efficacy. 

The materials come in three forms, and all of them consist 
essentially of mixtures of asphalt and coal-tar pitch, thinned 
when necessary with coal-tar naphtha. The “ solution” goes 
on. cold as a first coat and the flats of the bilges are covered 
then to a thickness of about one-half inch with the cement, 
which has, in addition to coal-tar pitch and asphalt, some 
Portland cement. This mixture must be applied hot. The 
vertical surfaces are covered about one-sixteenth inch thick 
with the enamel, which consists only of coal tar and asphalt, 
and also is applied hot. 

Formulas for making these materials were developed at the 
New York Navy Yard, and the results obtained from their 
use apparently are satisfactory. These formulas are in gen- 
eral as follows: 

The ‘solution’? may be made by melting 100 pounds of 
coal-tar pitch and 50 pounds of Trinidad asphalt. When liq- 
uid the mixture is removed from the fire, cooled, and thinners 
added, consisting of 65 pounds of coal-tar naphtha and 15 
pounds of mineral oil. 

The “enamel” may be made by melting together 350 
pounds of coal-tar pitch and 350 pounds of Trimidad. asphalt 
and boiling for about three hours. 

The ‘cement’? may be: made by melting together 150 
pounds of coal-tar pitch and 120 pounds of Trinidad asphalt 
and boiling for about three hours, when 150 pounds of Port- 
land cement is added and stirred in. 
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In all of these care is required in the heating, the quality of 
the material being dependent mainly on the manner in which 
it is accomplished. The solution goes on cold as a primary 
coat in all cases. The surface to which it is to be applied 
must be scaled and cleaned thoroughly, and be free from dirt, 
grease or paint. As a final step it is wire-brushed and then 
brushed with a painter's duster. The solution should not be 
applied in cold weather when there is any * frost’’ in the metal. 
As the-fumes are highly explosive the greatest care must be 
taken in regard to the use of naked lights in the compartment 
while the material is being applied. .It is necessary, also, to 
provide artificial ventilation in such compartments to permit 
the men to work to advantage... The priming coat of the “ so- 
lution”’ is allowed to stand about forty-eight hours, and while 
it is still “ tacky” the enamel or cement is applied. The ce- 
ment goes on flat surfaces of bilges, while the enamel goes on 
vertical surfaces of framing bulkheads, sides of bunkers, trim- 
ming tanks, etc. Both, at the time of application, are melted 
in pots, handled in buckets, and must be worked quickly be- 
fore they cool... The cement is poured on to the flat surfaces 
and spread to the desired thickness, about one-half inch. The 
enamel is applied with a brush having heavy bristles and a 
handle about fifteen inches long. It goes on in a thickness 
of about one-sixteenth to one-eighth of an inch. On flat sur- 
faces overhead, such as bunkers, trimming tanks, etc., it is 
very difficult to apply, and for that reason the solution only 
ordinarily is used on such surfaces, 

The New York yard recently had experience in applying, 
by the yard force, the bitumastic materials to inner bottoms 
in machinery spaces on the Alabama and Tacoma. Consid- 
erable difficulty was experienced. in securing proper adherence 
of the materials to the metal, due, probably, to the presence 
of moisture and oil. Other work progressing. in the spaces 
could not be interrupted, and it was found.to be practically 
impossible to obtain a proper condition of the metal, with cor- 
respondingly. unsatisfactory results in the adherence of the 
bitumastic... When, orders were received to do the same work 
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on the New Hampshire it was concluded to have the work 
done by contract, not only in the interest of having it accom- 
plished properly, but to give an object lesson to the yard work- 
men. 

It has been suggested, on aecount of the softness of the 
bitumastic cement and its tendency to run on sloping surfaces, 
that a layer of Portland cement about one-half inch thick on 
top of the bitumastic will serve a good purpose in protecting 
from damage and insulating from heat the softer material. 
Experience with such an arrangement has been had in the 
case of the Ajax, of which the inner bottoms under boilers 
were coated in 1906, first with an asphaltic cement compound 
and over that with Portland cement two and one-half inches 
thick. This was inspected in 1911 and found to be in excel- 
lent condition, showing no sign of deterioration of any sort. 

In order to test such an arrangement further, for purposes 
of comparison, the inner bottoms of the Alabama and Tacoma 
to which, as was noted above, bitumastic compositions were 
applied in 1911, had one-half of their surfaces covered with 
Portland cement about one-fourth inch to one-half inch thick 
over the bitumastic. 

In 1904 the writer inspected the bitumastic materials on the 
American Line St. Louis, which had been applied during con- 
struction in 1894-95. Among other parts of the ship the en- 
gine and fireroom bilges, foundations, boiler saddles, ete., 
were protected with the bitumastic. These spaces were in 
excellent condition and the protective coatings had received 
only minor attention since first applied. A naval vessel of the 
same age on which red-lead paint had been used in all proba- 
bility would have had her inner bottom plating corroded 
through and have required the expenditure of thousands of 
dollars in repairs, and during her service would have had 
much energy and many tons of red lead used up on it. 

Experience similar to this was had with the sister ship St. 
Paul, which was protected in the same manner with bitumastic 
compounds. When this ship went in 1906 to have boilers re- 
newed at the Newport News shipyard, contract was made for 
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the renewal of the bitumastic in the boiler spaces, as it was 
anticipated that the work of renewing the boilers would de- 
stroy it. Such did not prove to be the case, and the work of 
repair was confined to replacing the cement that had to be cut 
out to permit the structural work to proceed. 

On the battleship Arkansas bitumastic was applied to the 
trimming tanks before launching, and, in order to trim the 
ship afterwards, it was necessary to keep the forward ones 
full of water about eight months. At the end of that time 
the water was pumped out, the tanks washed down with a 
hose and the bitumastic was found to be in excellent condi- 
tion, and required no further work. Had red lead been used 
the metal undoubtedly would have had to be scaled and re- 
painted throughout after such treatment. 

It is readily conceivable that conditions might be such on 
a ship in commission as to prevent the application of the 
bitumastic, and in such cases recourse may be had to paint, 
and one of the damp-proof paints that have been proven in 
service should be given a trial. There are a number of these, 
though comparatively few appear to have been tried by actual 
use on naval vessels due to the predilection for red lead. A 
damp-proof paint that is probably the best known among 
architects and builders of structural steel is the ‘ Tockolith 
cement paint,” which not only is damp-proof, but has the 
desirable quality of drying even when applied to moist sur- 
faces. This paint is made up with a pigment which resem- 
bles closely Portland cement, and is dependent on China-wood 
oil for its damp-proof qualities. 

Another paint that perhaps is better known among naval 
officers, due to the excellent results it has given when applied 
to trimming tanks of submarines, is the “‘ Rabok liquid-car- 
bon” paint. This consists of a graphite pigment with metallic 
lead, and an asphaltic oil thinned with benzine. 

Another paint which offers promise and for which its pro- 
prietors claim. damp-proof qualities, added to the ability to ad- 
here to moist steel and afford protection, is “ Minwax.” This 
is made from a mineral bituminous wax mined in Oklahoma, 
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and thinned with bituminous oil distilled from the same natural 
substance. 

“ Lubrose” paints, which are made in Germany, have been 
tested and afforded good protection to the bilges of yard craft 
on which tested. 

“‘ Kureka”’ paint which has given good service, where applied 
for test-as a substitute for red lead, is made with a specially 
treated linseed oil, from which in all probability, the gylcerine 
has been removed to render it damp proof. The pigment is 
similar to venetian red, containing iron oxide, calcium sulphate 
and silica. 

The “ Bitumo” paint has the same general characteristic as 
the bitumastic materials except that it can be applied cold with 
a brush like ordinary paint. On test it afforded excellent pro- 
tection to steel plating in spaces where water was present con- 
tinually. 

While there are many other paints possibly as good or even 
better for the purpose than the ones mentioned, the writer’s 
practical experience has been limited to these. 

For ships already in service and on which red lead has been 
used in bilges, bunkers, trimming tanks and elsewhere, the 
best means of solving the difficulty apparently is to have re- 
course to a damp-proof paint until favorable opportunity 
offers for applying the bitumastic materials. 

Another feature in connection with the use of red-lead paint 
that recently has been attracting attention is the question of 
lead poisoning, which may be caused by its use. There have 
been numerous undoubted cases on shipboard and at navy 
yards, and precautionary: measures are necessary and desir- 
able to eliminate the possibility of serious effects on the men 
using lead paints or scaling surfaces that have been painted 
with them, The last phase of the question was regarded as be- 
ing of enough importance to warrant the issuing by the Bu- 
reau of Medicine and Surgery of a special circular letter to all 
medical officers on the subject of lead poisoning, detailing its 
causes, symptoms and the precautions to be observed to pre- 
vent it. 
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REPORT OF TEST OF A MURPHY STOKER ON A 
BABCOCK & WILCOX BOILER, AT THE NAVAI, 
GUN FACTORY, WASHINGTON, D. C. 


On Februaty 14th and 15th, 1912, 4 Board composed of 
Captain H. P. Norton, Lieutenant Commander D. E. Theleen, 
Lieutenant H. Frankenberger, and Lieutenant L. H. Irwin, 
U. S. N., conducted a twenty-four-hour efficiency test, a four- 
hour’ test at 50’per cent. overload, and a two-hour capacity 
test, on.a Murphy Stoker in boiler No. 16 at the power house 
of the Naval Gun Factory. 

The twenty-four-hour test ended at 10:00 A. M. February 
15, and the four-hour 50 per cent: overload test was started 
immediately. This ended ‘at 2:00 P. M. February 15, and 
the two-hour capacity test started immediately thereafter, the 
test being finished at 4:00 P. M. February 15th. 

On the completion of each of the tests the fires were prac- 
tically in the same condition as at the beginning of that test. 
The conditions at the beginning and ending of each test with 
regard to height of water and the condition of coal in maga- 
zines were the same. 

The operation of the furnaces required the services of at 
least two men, one on top of the hopper to distribute the coal 
into the magazines (with coal chutes arranged to deliver the 
coal into the magazines this man would not be required), and 
one in front of the furnace to operate rakes, slice bars, and to 
agitate the stoker by hand. The slice bars were operated 
about every 10° minutes during the twenty-four-hour test. 
This was called “ rousting.”. The stokers were agitated with 
a large wrench about once an hour during the twenty-four- 
hour test. 
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During the four-hour overload test, these operations were 
made more frequently. The operator used the rake for dis- 
tributing the coal on the grate. 

During all tests, boilers 11 to 15 on the west stack (Wilker- 
son stokers burning buckwheat coal) were lighted but fires 
were banked. Boilers 16, 18 and 20) with Murphy Stokers 
were in operation. Boiler No. 17, adjacent to No. 16, was 
dead. 

SMOKE. 


All smoke observations therefore gave smoke. emitted from 
the four boilers with Murphy Stokers. It. was found that 
when the fires were raked or sliced the amount of smoke was 
increased. 


During the twenty-four-hour test, 73 observations were 
taken between 1:48 P. M. and 6:11 P. M. on February 14th, 
1912, this giving an average of one observation every 3.6 
minutes. The average duration of smoke was 35.2 seconds. 
On February 15th, from 7:17 A. M. to.10:00 A. M., 41 ob- 
servations were made with an average with one observation 
every 3.6 minutes. The average duration of. smoke was 39.6 
seconds. 


The longest periods were as follows: 


2:25 P. M., Feb. 14, 90 seconds. Started heavy and dark; soon getting 
lighter. ; 


4:28 P. M., Feb. 14, steady 90 seconds, interval of a few seconds, then 
steady 55 seconds. 

4:40 P. M., Feb. 14, 15 seconds light, 45 seconds dark, 60 seconds light. 

5:23 P. M., Feb. 14, 120 seconds dark followed by 120 seconds light. 
This was caused by raking the fires necessitated by man on top of hopper 
allowing one corner of magazine to get empty. 

6:10 P. M., Feb. 14, 90 seconds dark, 70 seconds light. 

7:22 A. M., Feb. 15, 2 minutes black smoke. 

7:33:-A. M., Feb. 15, 1 minute black smoke. 

7:52 A. M., Feb. 15, 1 minute light smoke. 

9:07 A. M., Feb. 15, 1 minute 45 seconds strong steady flow. (See 
Photographs. ) 


9:14 A. M., Feb. 15, 1 minute 20 seconds, commencing dark and getting 
lighter. 


9:30 A. M., Feb. 15, 120 seconds (Strong 60 seconds, light 60 seconds). 
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Four-hour overload test: 

Fifty observations were taken, averaging one observation 
every 4.8 minutes. The average duration of smoke was 32 
seconds. Longest periods were: 


10:17 A. M., Feb. 15, 90 seconds. 

10:30 A. M., Feb. 15, 20 seconds. 

10:45 A. M., Feb. 15, 18 seconds black smoke followed by 12 seconds 
light smoke. 

10:57 A. M., Feb. 15, 45 seconds black smoke followed by 60 seconds 
of light smoke. 

11:46 A. M., 90 seconds alternating dark and light. 


The two-hour capacity test: 

Sixteen observations were taken from 2:00 to 3:00 P. M. 
The average duration of smoke was 75.9 seconds. Longest 
periods were: 


2:22 P. M., 40 seconds medium flow and color; 10 seconds no smoke; 
1 minute 50 seconds, medium flow and clear; 3 seconds no smoke; 50 
seconds, light smoke; 5 seconds, no smoke; 40 seconds, light smoke; 5 
seconds, no smoke; 30 seconds, light smoke. 

2:29 P. M., 2 minutes dark smoke; 1 minute light smoke followed by 
30 seconds dark smoke; 5 seconds, light smoke; 30 seconds dark smoke; 
15 seconds light smoke; 15 seconds dark smoke; 30 seconds light smoke. 

2:40 P. M., 24’seconds dark smoke; 15 seconds light smoke; 10 seconds 
dark smoke; 15 seconds light smoke; 10 seconds dark smoke; 20 seconds 
light smoke; 10 seconds dark smoke; 70 seconds light smoke. 

2:48 P. M., 2 minutes 30 seconds steady flow light smoke. 

2:55 P. M., 50 seconds medium color; 45 seconds light smoke; 20 
seconds black smoke. 


During the four-hour test and the two-hour test, it is noted 
that smoke was emitted in puffs, this being due, it is believed. 
to the slicing and raking of the fires. 

The smoke laws of the District of Columbia, approved Feb- 
ruary 2d, 1899, state in part as follows: 


“The emission of dense or thick black and gray smoke.or cinders from 
any smoke stack or chimney used in connection with any stationary engine, 
steam boiler, or furnace of any description within the District of Co- 
lumbia'shall be deemed and is hereby declared to be a public nuisance.” 


The Murphy Iron Works guarantees that the emission of 
smoke will comply with the smoke laws of the District of Co- 
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lumbia and they will assume liabilities for one .year for any 
penalties arising therefrom. The Board reported that the 
emission of smoke during the tests complied sufficiently close 
to the smoke laws of the District to warrant the accepting of 
stokers with regard to this item. 

It was impracticable to conduct a test to determine the con- 
sumption of the Acme engine which drives the Murphy Stoker. 
This is a two-cylinder single-acting automatic-cut-off engine. 
Diameter of cylinders, 4 inches; stroke, 5 inches. The revo- 
lutions during the test averaged from about 340 to 485 per 
minute. From data received from other tests on the engine 
it is believed that the engine did not consume as much as 34 
of 1 per cent. of the total steam generated. 


SIFTINGS. 


The siftings which fell into sifting pits were raked out 
every four hours and weighed, with the following results: 


From 10:00 A. M. to 2:00 P. M., February 14, 1912, estimated about 
130 pounds. 

From 2:00 P. M. to 6:00 P..M., February 14, 128 pounds. 

From 6:00 P. M. to 10:00 P. M., February 14, 106. pounds. 

From 10:00 P. M., Feb. 14, to 2:30 A. M., February 15, 100 pounds. 

From 2:30 A. M. to 6:00 A. M,; February 15, 84 pounds. 

From 6:00 A. M. to 10:00 A. M., February 15, 113 pounds. 

From 10:00 A. M. to 2:00 P. M., February 15, 90 pounds. 

From 2:00 P. M. to 4:00 P. M., February 15, 68 pounds. 


These siftings were thrown back into the hopper, entailing 
no loss of coal. 


CLINKER. 


At 10:00 P. M. February 14th, 1912, 20 minutes was re- 
quired to remove clinker from grates, this work being done by 
the Murphy Company’s firemen. 

At 6:30 A. M, February 15, 11 minutes was required by 
two of the Murphy’s men to remove the clinker. Total amount 
of clinker removed during the twenty-four-hour test, 383 
pounds. 
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At 1:50 P. M. February 15, 10 minutes was required to 
remove clinker. Total, amount Of clinker removed, 105 
pounds. , 

After the completion of the four-hour test.an examination 
was made of the boiler and furnace, and the furnace and 
stoker were found to be in excellent condition. 

The results of the evaporation tests were as follows: 


DESCRIPTION AND DIMENSIONS OF BOILER AND APPURTENANCES. 


Type of boiler, Babcock & Wilcox water tube. 

Drum, diameter, 36 inches ; length, 23 feet 3$ inches. 

Tubes, number, 140; diameter outside, 4 inches ; length, 18 feet ; thickness, 
Io gage. 

Furnace, kind ‘of, Murphy stoker. 

Grate surface, length, 7 feet ; width, 7 feet; area, 61 actual square feet, ¢ 
projected square feet. 

Heating surface, area, 3,000 square feet ; ratio to grate, 49.2 to 1 actual, 61.2 
to I projected. 

Per cent. water-heating surface, 90.4; per cent. superheating surface, 9.6. 

Smoke pipe, area at damper, 12 square feet. 

Water space, 357 cubic feet ; steam space, 141.3 cubic feet. 

Stoker engines, kind, semi-single-acting, twin-cylinder ; dimensions of cylin- 
ders; 4 inches 5 inches. 

Feed heater, kind, 2 Warren Webster open feed-water heaters. 

Economizer, kind, Green-fuel economizer; area of surface, 1,728 square feet. 

Feed pumps, kind, Worthington Duplex; dimensions of cylinders, 16 inches 
X ro} inches * Io inches. 


DESCRIPTION OF APPARATUS. 


Method of weighing water, one tank on platform scales. (Scales were tested 
by sealer of weights and measures before test. ) 

Method of weighing fuel, platform scale, which was tested by sealer of 
weights and measures. 

Kind of calorimeter used, none. Superheated steam. 

Method of taking temperature of and sampling flue gases, thermometers and 
pyrometers ; Uehling, Hayes, and Orsatt CO, instruments. 

Condition of boiler before and after test, boilers and furnaces clean before 
test. On completion of test, the stoker and furnace were found in excel- 
lent condition. 


Naiisher, of tedt.S:ccseo..sssosssnsiveronesesors 2 3 
Date of test, 1912.........seccessccseeees eee «. Feb, 14-15 Feb. 15 Feb. 15 
Duration of test, hours “294 4 2 
Ritsd of fel dicrsecoecescsseceveccseoee jakines New River (white oak). 
Flying. Flying. Flying. 
i Overcast. Overcast. 
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Average pressures : 
Thermometer attached, degrees F.... 
Barometer corrected for temperature 


Steam pressure by gage, pounds...... 
absolute, pounds...... 

Force of draft at base of pipe, inches 
Of water.........00« Reoeccsiscccsstoscnees 
Force of draft inside of damper ...... 
in furnace...........eeeee 

Revolutions of stoker engine ........+4. 


Complete cycles of engine per minute.. 


Average temperatures : 

External air, degrees F........ ...0.00. 
Fireroom, degrees F.........s..cccsssseee 
Steam, degrees F............ adssinyscntas 
Feed water entering heater, degs. F.. 
economizer, °F.. 

boiler, degs. F.. 

Air entering ash pit, estimated... .... 
Escaping gases from boiler, degs. F.. 
to economizer, °F.... 


from economizer, °F. 

Fuel : 
PERERA scsosucpsebacsssadoovsoucoseassseceenes 
Weight of coal as fired, pounds........ 
Moisture in coal, per cent ..........00 ‘ 


Weight of dry coal consumed, Ibs... 
Weight of ash and refuse, pounds... 
Weight of combustible consumed, 

POUNAS 00.00.0002. 0.000 gHcbinpetepddthdeosdas 
Per cent. of refuse in dry coal....... bs 


Fuel per hour : 


Coal consumed per hour, pounds..... 
Dry coal consumed per hour, Ibs...... 
Combustible consumed per hour, lbs. 
Coal consumed per hour per square 
foot projected G. S., pounds........ 
Dry coal consumed per hour per 
square foot projected G. S., Ibs..... 
Combustible consumed per hour per 
square foot projected G. S., lbs..... 
Coal per hour per sq. ft. H.S., lbs... 
Dry coal per hour per sq. ft. H.S., lbs. 
Combustible per hour per square 
foot H.S,, pounds .,....rrreccsceererees 


3 
74.8 
29.98 
14.71 

131.5 
146.29 


go 
73 
.28 
485:00 
-61 


34.8 
89.2 
459.00 

36 00 
101.60 
194.20 

83.00 
622.00 
527.00 
339.00 


4,038.00 
2.88 
3,922.00 
406.00 


3,516.00 
10.35 


2,019,00 
1,961.00 
1,758.00 
41.20 
40.02 
35-38 


-673 
-654 


I 2 
72.9 75-9 
30.26 30.06 
14.84 14.75 

124.84 128,87 
139.68 143.62 
92 <9! 
-39 .67 
-14 26 
342.73 372.78 
-43 47 
33.63 32.56 
84.69 88.89 
434.71 457.67 
35-98 36.00 
108.24 109.78 
184.45 195.67 
80.00 83.00 
497-76 607.11 
423.19 522.78 
270.93 336.67 
New River (white oak). 
24,471.00 6,143.00 
by 3.28 
24,038.00 5,942.00 
1,460.00 452.00 
22,578.00 5,490.00 
6.07 7.61 
1,019.6 1,535.8 
1,001.6 1,485.5 
940.7 1,372.5 
20.81 31.34 
20.44 30.32 
19.20 28.01 
-340 512 
-334 495 
315 457 


+586 


















Quality of steam : I 
Per cent. of moisture in steam........ fe) 
Degrees of superheating ................. 81.80 

Water : 

Total weight of water fed to boiler, 
corrected ......° Rictblct tess BEBive 258;742.00 


Factor of evaporation........00.cecceseeere I. 1192 


Equivalent water evaporated into 
steam from and at 212 degrees, 
pounds...... Sasso ah ycncesuvl shear sane +» 289,589.00 
Water per hour : 
Equivalent evaporation from and at 
212 CEQTCES ........:ssosssesseeseeeeesseees 2,066,000 
Equivalent evaporation from and at 
212 degrees per sq. ft. G. S., Ibs... 246.2 
Same per sq. ft. of heating surface, lbs. 4.02 
Economic results : 
Water apparently evaporated under 
actual conditions per pound of coal 
as fired, pounds...........cc.sseceseseee 10.57 
Apparent equivalent evaporation 
from and at 212 degrees per Ib. of 
coal (including moisture), pounds, 11,83 
Equivalent evaporation from and at 
212 degrees per pound of dry coal, 
POWER ib cdes bob e<epenecesetoahdeuevesecess 12.05 
Equivalent evaporation from and at 
212 degrees per lb. of combustible, 
POUNAS....ccrcersccccceccoccssscceee saatyee? 12.83 
Efficiency : 
Efficiency of boiler; heat absorbed 
by the boiler per lb. combustible 
divided by the heat value of one 
Ib. of combustible.........00....0ss0de00 78.61 
Efficiency of boiler, including grate ; 
heat absorbed by the boiler per Ib. 
of dry coal, divided by the heat 
value of one Ib. of dry coal........... 77.46 
Remarks and observations : 
Principal data taken every half hour: 
Percentage of smoke as observed..... 


Boiler horsepower by steam-flow 

WICEEE  55-<6ssar.cacccen sa senstaseaiete sche 355-51 
Boiler horsepower by computation... 349.7 
Per cent. of rating (300 B.H.P.)...... 116.6 
Coal per hour per B.H.P........s0000+ vee 2.91 


* Too few observations to be correct. 
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2 
° 
102.60 


55,766.00 
1.1195 


64,230.00 
15,608.00 


318.5 
5-20 


9.08 
10.16 
10.51 


11.37 


69.33 


67.36 


Photographs. 
Method of firing......... etch ee opens Mechanical stoker. 


* 485.00 
"452.4 
150.8 


3-39 
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° 


102.53 


33,884.00 
1.1214 


37,998.00 


18,999.00 


387.7 
6.33 


8.39 


9.41 


9.69 


10.81 


65-77 


61.91 


Natural draft. 


* 614.00 


559.7 
183.6 


3-67 
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FUEL AND GAS ANALYSES. 





Proximate analysis of fuel : | 


ORE chi sdccapcodandead becdsseaiccates No. 1 (24 hrs.) | No. 2 (4 hrs.) | No. 3 (2 hrs.) 





Coal. Comb. | Coal. | 
Fixed carbon w.ccesesseceeeesees 73:73 | 78.32 | 73.16 | 
Volatile matter,......... eeseeeee 20,40 | 21,68 | 20.03 
WAUBLIOE 5554055 systsvgsatess sseee -90 se) 171 
PME eo orapasececscoutucstcseiess cesses 4.97 Io} 
POM HAG 100,00 } 100.00! 100.00 
Sulphur separately — | 
DRIED ot sccaedcacc: sasantauny 85 I | 85 
Ultimate analysis of dry fuel: | 
RUAIOU NC os caeseemcocackecese 85.10 89.29 | 85.20 
Hydrogen (H).. ol 4894) 42971 4:76 
Oxygen (O) or eee rereer serves | 3-29} 3-45 J 3.00 
Nitrogen (N)...s5,c0scceseseeee ees) 1032 1.39) 1.32 
oe ged ety eeasass sascesee: ccays: [86 .90| 86 
bestboggisesersOte vevevesysnees «! 4.69 S|? Ase 
es alae pa rari! 100.00 | 100,00 | 100,00 
Moisture in sample of fuel | uw ih 
AS TOCEVED 55565055 ,s0000 040008 sR . 3.28 








Comb. | Coal, | Comb. 


78.50 | 73.10 | 78.32 

21.50, 30. ee | 21.68 
ea 61 

100:00 100.00 | 100.00 

{ 

-9I OL, 97 


89.56} 85.35 | 89.64 
5.00| 4.76} 4.99 
3.15 2:83 2.97 
1.39 1.36 1.43 

90 92 97 
dis ATT ese 

100.00 | 100.00 | I00.00 








: 2.88 | 








Analysis 0 ‘ol ash and refuse : | 
































Test .. o's ob adeeb tsbancest No. 1. | No. 2. | No..1..| No..2, | No. 3. 
‘| Per cent. \. Per cent. 
PRR aes wodvscocevwctakavosiends | 6.30 5-23 "| 55. 15 58.55 71.02 
Earthy BIMLEE cs cchancicesacensse | 93-70! 94.77 | 44.85 | 41.45 | 28.98 
Calorific value of fuel : | | | 
Kind of calorimeter used: Peters Mahler. | 
WE cs<espevcaasestnsscntialic: onmecdauponcdb se idsviaasaveesesoesees .| No. 2.| No. 3. 
r ean By 


Calorific value by calorimeter, per lb. of dry coal... 
Calorific value by calorimeter, pr. 1b. of combustible, 
Calorific value by analysis, per pound of dry coal.. 
Calorific value by analysis, per lb. of combustible... 








Analyses of dry gases: | 
fn Seen ee Le Eee Stee Sia peaadey cious os 
Carbon dioxide (CO,), last pass (Orsatt)...i...060..50 
Oxygen (O), last pass........ccescescesescecsserseens bic ian | 
Carbon monoxide (CO) sAMAE PASE... ... ...cdidcdscosccoes 
Co, ‘heck connections (Uehling).......2.00.... Reape svete 


| B.TU. 
15,001 | er 15,013 
15,792 | 15,835 | 15» 825 


'|-15,095 | 15,140 | 15,188 


15,838 15,914 | 15,950 
No. t. No. 2. | No. 3. 


Per cent.| 
12,57 | 12.34 | 13.68 
*6,69 | $.78 ”| 4.50 
-59 


11.13 8 99 =«‘T0.I0 


* 22 observations. 


Per cent.'Per cent. 


Per cent. \Per cent. 
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GEORGE WALLACE MELVILLE. 





The death of Admiral Melville brought sudden ending to a 
career which was marked by noble achievement in'many fields. 
Beginning as a young and daring officer of the Navy. during 
the Civil War, he became in later years the *‘ lion-hearted 
Melville’ of Polar Seas, the leader.and hero of a march jand 
search which are without parallels in all Arctic history, ., Still 
later, as Engineer-in-Chief, he gave to the Navy sixteen’ bril- 
liant years of most. strenuous labor during the critical period 
of passage from the old to the new régime in naval engineer- 
ing... Then, although retired from active duty, his life work 
still went on unceasingly. _There was no lessening of -his 
devotion to his profession, to the Navy, and to, the flag. he 
loved, until, full of years and honors, he, passed so swiftly 
away on March 17, 1912. 

The home of the family from which Admiral Melville was 
descended, is at Stirling in Scotland, the gateway to the High- 
lands, near the field of Bannockburn, and the spot in which 
Sir John Melville in 1549, died on the scaffold for :his faith. 
The long line of the Melvilles has held an honored place, from 
early days, in Scottish song and. Scotland’s ‘history; and, in 
this later time, the stout old. race loses no glory through such 
men as he, In view of his naval and Arctic record, it is in- 
teresting to note that, but-two generations from him, we find, 
in his family, Sir James Melville, First Lord of the British 
Admiralty, when the expedition: of, Parry to Baffin’s Bay was 
despatched, and, whose name has ,been, given, through this to 
some Arctic lands and waters. 

In 1804, James Melville of Stirling landed in New. York 
City, bringing with him a large family of sons; among: whom 
were James and Andrew—historic, Melville. names—-George 
and Alexander... The. latter was, the father of Admiral, Mel- 











478 GEORGE WALLACE’ MELVILLE. 


ville; and, at sixteen years of age, he was sent again across 
the sea to complete his education at the old University of St. 
Andrews, which had trained so many of his line. Returning 
to New York, he became a professional chemist, with reference 
especially to dyeing and the allied arts, and acquiring a com- 
petence thereby. He was widely known and liked and was a 
power in the politics of his day. During the American Civil 
War, he filled to the full the measure of patriotism, giving 
three sons to the service of the Government and raising and 
equipping a company of volunteers. 

He married Sarah Douther Wallace of New York, and be- 
came the sire of stalwart sons. In statute, he and they were 
of the Anakim, and any one of them could have swung with 
ease, in cut and thrust, the great two-handed sword of William 
Wallace which hangs today in the armory of Dumbarton Cas- 
tle. The father—‘‘ Big Sandy” as he was called—was six 
feet, six inches tall; one son was six feet four; another six 
feet two; and George, the oldest, was but a shade under six 
feet. 

The latter, the distinguished admiral of later years, was 
born on January 10, 1841, in the city of New York. He was 
educated in its public schools and later, displaying marked me- 
chanical instincts, passed through the Polytechnic school of 
Brooklyn and received a further course in mathematics in. a 
religious academy of that city, which, in that branch, held 
high repute. With the hard-headed wisdom of his race, the 
father resolved that his son should be well grounded in the pro- 
fession to which his tastes and later training tended; and so, 
when school days were ended, the lad was entered in the engi- 
neering works of James Binns of East Brooklyn, where Mel- 
ville laid broadly and deeply the foundations of that practical 
skill which served him so well in many a later hour of trial. 

On April 12, 1861, Southern guns were trained on Sumter 
—the first argument of force to prove that the United States 
was not a nation. The great wave of loyalty which surged 
over the startled North could not but sweep Melville with it. 
He was in the dawn of manhood; devoted to the land of his 
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birth; and there stirred within him as well the blood of the 
stern race from which he sprung—that race whose wild “ pipes 
of the misty moorlands” have sounded above so many trampled 
battle sods the martial pibroch, “‘ heard so often as earth’s lat- 
est music by dying men.” 

His training and an inborn love of adventure, turned him 
toward engineering duty and to the sea; and, on July 29, 
1861, when but twenty years and six months old, and_ but 
ninety days after the war began, he became.an officer of the 
engineer corps of the United States Navy. It was well, in- 
deed, for the nation that, in its extremity, it could command 
the services, in sufficient number, of men:of his profession; 
for, in the struggle which was at-hand, the naval engineer was 
to play a-vital part. 

On March 4, 1861, the North was in possession of but two 
forts—Sumter and Pickens—on the Atlantic and gulf coasts 
below Chesapeake Bay. ‘There were three thousand miles 
of sea coast to be blockaded, necessarily by steamers; and, 
finally, if this blockade were not early made effective, foreign 
governments stood ready, after but brief delay, to demand the 
independence of the Confederacy, with whose people their 
rulers were in sympathy, and: for whose great yield of cotton 
the mills of the world were waiting. 

To meet this emergency, the Navy Department had avail- 
able but sixty-nine vessels of all classes, of which thirty-four 
were sailing ships. Fortunately, indeed, the tireless genius 
of Gideon Welles, the greatest of naval secretaries, swayed 
the helm of the Department, and by him the increase of the 
fleet was pressed so energetically that, at the close of the 
year 1861, through the purchase and ‘construction of steamers 
of every class, the Government floated a navy of 211 vessels, 
bearing 2,301 guns, and carrying 20,000 men, although of, these 
the ships of greatest tonnage and battery power were neither 
steamers nor modern vessels. At the close of the war the 
force consisted of about 600 ships of all classes, including 100 
in service on the Western rivers, 

In looking backward through those years, it seems difficult 
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to overestimate the value of the great steam fleet to the North- 
ern ‘arms. Through its'early and complete ‘blockade and 
through the unbroken tenure of Fort Pickens, the Government 
was enabled, in the beginning, to dispute successfully the claim 
of the Confederacy to possession of the Southern sea coast 
and to consequent recognition as a nation. Later on, and to 
the end, there were taken or destroyed by that fleet 1,504 ves- 
sels of all classes, having a value, with that of their cargoes, 
of at least thirty-one millions of dollars. 

The blockade was then one of the main factors in ending 
the Civil War. While the deeds of the Navy on inland wa- 
ters and the victories of the Kearsarge and Wachusett on 
foreign seas, make a record whose superior in skill, resource, 
and daring, the ages cannot show, yet it is to that great fleet, 
lying in long line off the low Southern shore, that history will 
turn to seek the Navy’s cardinal service in that time of trial. 

Of this, Professor Soley says: As a military measure, the 
blockade''\was of vital importance in the operations of the 
war.” Through it; supplies from abroad were cut off, King 
Cotton reigned in vain, and the South and its armies, despite 
their gallant struggle, were starved into surrender. ‘To achieve 
these results, within four years, if at all, without it and with 
that sunlit sea coast open to gee world, would ‘séem to have 
been impossible. 

That great blockading fleet would have seemed, in 1861, an 
idle dream to' Gideon Welles, if he had not known that it was 
to consist, not of massive battleships, but of small and handy 
steamers whose chief qualities should be speed and sea-keeping 
powers: Its strength lay, then, in these and not in armor nor 
in ordnance; and the backbone of that strength was 'the skill 
and patriotism of the engineers of the North. If they had 
not been ready at the nation’s call and had not come, ‘as Mel- 
ville came; the: war would have been either greatly prolonged 
or, with’ foes so valiant’and determined, aided from without, 
it might have ended swiftly in disaster. 

‘Melville, although but a junior officer during the war, saw 
much active service, and faced afloat the stress and shock of 
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conflict in not a few engagements. He was for a brief period 
on the side-wheel steamer Michigan, cruising on the Northern 
lakes, and was transferred thence to the screw sloop-of-war 
Dakotah of the North Atlantic fleet. With her he served at 
the shelling of Lambert’s Point and the capture of Norfolk, 
Va., she acting as guard ship during the night and morning of 
the destruction of the Merrimac off Craney Island, Norfolk 
Harbor. 

He was then with the fleet that cleared the James River, in 
Virginia, as far as Fort Darling, Drury’s Bluffs, and par- 
ticipated in the long engagement which attended the effort to 
reduce that work. He served still further in the James with 
the fleet which covered the retreat of MeClellan’s -_ to Har- 
rison’s Landing. 

After Farragut had made his brilliant passage beyond Forts 
Jackson and St. Philip and up the Mississippi river, the Da- 
kotah, to which Melville was then attached, carried dispatches, 
to the admiral to proceed still further up the river. In te- 
turning from this service, Melville was stricken with typhoid 
fever, contracted in the James, and was transferred to the hos- 
pital at Key West, Fla. 

After convalescence, he was attached to the fast’ side-wheel 
steamer Santiago de Cuba, and, leaving her, joined at sea the 
screw sloop Wachusett, nine guns, 1,032 tons. This vessel 
proceeded to Philadelphia for repairs, and, pending their com- 
pletion, Melville served temporarily on the steamer Tona- 
wanda, chartered to pursue the Confederate cruiser Tallahas- 
see. Rejoining the Wachusctt, Captain Napoleon Collins, he 
went in that ship to Brazil, where she was ordered to intercept 
Confederate cruisers. She remained at sea on this duty, near 
the equator and off the Brazilian coast, for a considerable 
period, during which, it is pleasant to note; that the ship, 
though but a small sloop-of-war, never sightéd a ‘sail: which 
she did not overhaul,—a record: which speaks volumes for the 
efficiency of her engineering staff. 

While refitting in the harbor of Bahia, Brazil, the Wachu- 
sett became the actor in one of the most striking and} dramatic 








ee. 








482 GEORGE WALLACE. MELVILLE, 


engagements of the wat,—the capture of the Confederate 
cruiser Florida in the neutral waters of that port. The latter 
vessel was built at Liverpool in 1862 on the model of British 
gun vessels. She carried a battery of two 7-inch rifles and six 
6-inch guns, and, in her brief career, had done much damage 
to American merchant shipping. 

She came into the outer harbor of Bahia on the night of 
October 5, 1864, revealed her identity boldly when hailed, and, 
shortly thereafter, although the decks of the Wachusett were 
cleared for action, moved to an inner berth within five-eighths 
of a mile of that vessel. Between the two, to keep the peace, 
lay a Brazilian corvette,.and there were in addition, ready for 
this service, a 22-gun sailing sloop and the forts on shore, one 
of 46, the other of 16 guns. 

The Florida had received permission to remain for forty- 
eight hours, during which Captain Collins, of the Wachuseit, 
challenged formally the captain of the cruiser to a naval duel, 
with their respective vessels, beyond the marine league. This 
the latter officer declined and Collins then determined, before 
the time limit expired, to capture or destroy the cruiser in the 
harbor. As such an act was contrary to international law 
and might be attended with much hazard in the guarded port, 
Collins called, in his cabin, a council of war, at which Melville, 
with other officers, was present, to consider the surest mode 
of attack. 

Many methods were discussed, but the choice fell upon that 
suggested by Melville—to ram the Florida where she lay. It 
was contended by more than one member of the council, that, 
when the Wachusett struck her blow, the shock would start the 
boilers from their fastenings, thus breaking steam joints and 
scalding fatally all below. Melville combated this theory and 
ended the discussion upon it when he said to the captain: 

‘I . do not think the boilers will break loose; but, if they do, 
there need, be but one man sacrificed, for, after the engines are 
started, I can work them alone and will order all hands on 
deck.”’ 

While preparations for the attack were making, Melville 
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volunteered to board, in mufti, the Florida in broad daylight, 
and ascertain, if possible, the strength of her battery and the 
location of her machinery. If, in this mission his identity 
were discovered, he might have been strung up, as-a spy, to 
the yard-arm; but, notwithstanding this danger, the fearless 
young officer succeeded in teaching the enemy’s gangway in a 
shore boat, gained her deck, and with a quick glance fore and 
aft obtained the desired information before the. officer in 
charge hustled him over the side and into his: boat with the 
injunction that, if he did not keep off,.a shot would be dropped 
through her bottom, leaving him to sink or swim in the bay. 

At 2.A. M., on October.'7; the Wachusett, began her brief 
but hazardous voyage. Melville, however, was not entirely 
alone below, one fireman, Bradley, having refused to leave 
him. She struck the Florida on the starboard side, abaft the 
beam, and cut her down for eighteen inches below the water 
line, carrying away her main yard and mizzen mast, throwing 
her after broadside gun down the cabin hatch, and burying 
her ship’s company below the awnings, which were forced 
down on them by the wreckage. 

A boarding party from the Wachusett surged on her from 
forward; there were a few pistol shots from the! Florida which 
were answered by a volley from the Union vessel and the dis- 
charge of broadside’ guns; and the victory was complete. A 
hawser was made fast to her foremast and the Wachusett 
towed her off to sea, running, on the way, the gauntlet of a 
pro forma fire from the Brazilian. forts and vessels-of-war. 
The action lasted but twenty minutes, and there were but three 
men: wounded, a bugler, the engineer’s yeoman, and Melville 
himself, who, after the cutting-out, received a severe axe 
stroke across the back of the left hand. : 

The Wachusett proceeded with her prize to Hampton Roads, 
Va.; and there the Florida was sunk, according to the official 
declaration of the United States Government, through “ an 
unforeseen accident,” after a collision with an army transport 
—which “accident,” it may be remarked, was most opportune 
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engagements of the wart,—the capture of the Confederate 
cruiser Florida in the neutral waters of that port. The latter 
vessel was built at Liverpool in 1862. on the model of British 
gun vessels. She carried a battery of two 7-inch rifles and six 
6-inch guns, and, in her brief career, had done much damage 
to American merchant shipping. 

She came into the outer harbor of Bahia on the night of 
October 5, 1864, revealed her identity boldly when hailed, and, 
shortly thereafter, although the decks of the Wachusett were 
cleared for action, moved to an inner berth within five-eighths 
of a mile of that vessel. Between the two, to keep the peace, 
lay a Brazilian corvette, and there were in addition, ready for 
this service, a 22-gun sailing sloop and the forts on shore, one 
of 46, the other of 16 guns. 

The Florida had received permission to remain for forty- 
eight hours, during which Captain Collins, of the Wachusett, 
challenged formally the captain of the cruiser to a naval duel, 
with their respective vessels, beyond the marine league. This 
the latter officer declined and Collins then determined, before 
the time limit expired, to capture or destroy the cruiser in the 
harbor. As such an act was contrary to international law 
and might be attended with much: hazard in the guarded port, 
Collins called, in his cabin, a council of war, at which Melville, 
with other officers, was present, to consider the surest mode 
of attack. 

Many methods were discussed, but the choice fell upon that 
suggested by Melville—to ram the Florida where she lay. It 
was contended by more than one member of the council, that, 
when the Wachusett struck her blow, the shock would start the 
boilers from their fastenings, thus breaking steam joints and 
scalding fatally all below. Melville combated this theory and 
ended the discussion upon it when he said to the captain: 

“‘T do not think the boilers will break loose; but, if they do, 
there need be but one man sacrificed, for, after the engines are 
started, I can work them alone and will order all hands on 
deck.”’ 

While preparations for the attack were making, Melville 
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volunteered to board, in mufti, the Florida in broad daylight, 
and ascertain, if possible, the strength of her battery and the 
location of her machinery. If, in this mission his identity 
were discovered, he might have been strung up, as-a spy, to 
the yard-arm; but, notwithstanding this danger, the fearless 
young officer succeeded in reaching the enemy’s gangway in a 
shore boat, gained her deck, and with a quick glance fore and 
aft obtained the desired information before the. officer in 
charge hustled him over the side and into his: boat with the 
injunction that, if he did not keep off, a shot would be dropped 
through her bottom, leaving him: to sink or swim in the bay. 

At 2.A. M., on October. 7, the Wachusett. began her brief 
but hazardous voyage. Melville, however, was not entirely 
alone below, one fireman, Bradley, having refused to leave 
him. She struck the Florida on the starboard side, abaft the 
beam, and cut her down for eighteen inches below ‘the water 
line, carrying away her main yard and mizzen mast, throwing 
her after broadside gun down the cabin. hatch, and’ burying 
her ship’s company below the awnings, which were forced 
down on them by the wreckage. 

A boarding party from the Wachusett surged on her from 
forward; there were a few pistol shots from the Florida which 
were answered by a volley from the Union vessel and the dis- 
charge of broadside’ guns; and the victory was complete. A 
hawser was made fast to her foremast and the Wachusett 
towed her off to sea, running, on the way, the gauntlet of a 
pro forma fire from the Brazilian. forts and. vessels-of-war. 
The action lasted. but twenty minutes, and there were but three 
men: wounded, a bugler, the engineer’s. yeoman, and: Melville 
himself, who, after the cutting-out, received a severe axe 
stroke across the back of the left hand. 

The Wachusett proceeded with her prize to Hampton Roads, 
Va.; and there the Florida was sunk, according to the official 
declaration of the United States Government, through “an 
unforeseen accident,” after a collision with an army transport 
—which “accident,” it may be remarked, was most opportune 
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in its final settlement of the question as to the custody by the 
United States of the Confederate cruiser. 

Leaving the Wachusett, Melville volunteered, in answer to 
Porter’s stirring and famous call, in which the admiral used 
the words, “ Death, glory and promotion.” He was assigned 
to torpedo boat No. 6 and served with Porter’s fleet at the 
capture of Fort Fisher, and subsequently in the hazardous duty 
of clearing and buoying the channel of the Cape Fear river, 
that the fleet might advance to Wilmington, N. C.) Later he 
joined the gunboat Maumee ‘in the James river, which little 
craft was the first vessel to cut and ram her way up the James 
as far‘as the Rockets below Richmond, the capital of the Con- 
federacy, on the day of its evacuation and while the city was 
still burning. 

When the war had ended, Melville was ordered to the Ta- 
cony, and, with her, served in the Mexican gulf during the 
French occupation and evacuation of Mexico; later he joined 
the gunboat Penobscot; then cruised to Brazil in the flagship 
Lancaster; then to the Arctic in the steamer: Tigress; then to 
China and Japan in the flagship Tennessee; again to the Arc- 
tic in the steamer Jcannette; and yet again in the Thetis for 
the relief of the Greeley expedition.’ The latter duty, with a 
short term on the Atlanta, closed his service afloat, which, after 
the war, was interspersed with brief details to the various navy 
yards. 

It is scarcely necessary to note that, during his cruising, 
Melville was commended officially in more than the usual form 
by commanding and‘senior: engineer officers. At almost 
the beginning of his service, we find the young officer men- 
tioned for “ the great assistance rendered in repairing the 
boilers, often without drawing the fires.” Captain Collins, of 
the Wachusett, with justice, but extreme conservatism, gave 
it as his official opinion that Melville was “a valuable officer 
to the Government.” »The eaptain of the Penobscot believed 
him tobe “ capable of building and running the engines of any 
of our men-of-war.”’ On the Lancaster, it was said officially 
that he “exhibited an amount of mechanical ability, energy, 
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and engineering skill rarely found.’”’ And the fleet engineer 
of the United States Asiatic Squadron, later. the honored 
Engineer-in-Chief Loring, U.S. N., wrote officially, as to his 
service on the, Tennessee, that experience with Melville but 
confirmed “ the high reputation this gentleman has throughout 
the service for professional skill, executive ability, energy and 
zeal. :In:all these qualities, as well as in those other. essential 
ones that go to-make up true manhood, it is no disparagement 
to his fellows to say that I believe he has. not his superior in: his 
corps’-+an opinion which De Long, in later days, with the 
Jeannette beset in the pack, found occasion also officially to 
write. 

It might, well be assumed that Melville’s tireless and intrepid 
spirit would not rest easily beneath “ the rust of a long peace.” 
With no foes of the flag to fight, he turned at the first oppor- 
tunity::to a strife perhaps more perilous,—the war with the 
‘“ White! North.” 

In’ 1870, Captain Hall, the American explorer, made his 
last. voyage 'to the Arctic, reaching the hitherto: inaccessible 
polar. ocean. His ship, the Polaris, was then forced to the 
Greenland, shore and there, in Thank God Harbor; Hall. died. 
Subsequently, in returning southward, the Polaris was almost 
crushed 'in,the ice and a part of, her crew fled in the darkness 
to the floe, on which they drifted 1,300 miles during five ter- 
rible months, and were rescued finally, off Labradors: in April, 
1873, by the sealing steamer Tigress. 

When. news of this reached! the. United States, the Tigress 
was chartered, at.once to return for the remnant of the expedi- 
tion, Melville volunteered as her engineer officer; and, al- 
though the machinery of the vessel was worn and old, he suc- 
ceeded in driving her as far north as Littleton Island, the win- 
ter quatters of | Dr, Kane), in a; little over thirty, days. The 
camp of the Polaris party was found, but they had deserted 
their stranded ship and gone southward, having been; rescued 
finally by a whaler at Cape York. 

Unaware of their safety, and: during the fierce; autumnal 
gales of the Arctic, the little Tigress. pursued. gallantly her 
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‘search, “‘ being ‘able''to keep the sea under steam,” as; on his 
return, Commander Greer, U. S..N., stated officially, despite 
“the miserable condition of. the boilers and the cheap: ma- 
chinery found aboard,” through Melville’s “ great fertility of 
resource; combined with thorough practical knowledge.” 

The ice hunger was fully on him now,—that strange desire, 
which, for more than three hundred years, has drawn pole- 
ward, to “the Ultima Thule of the world,” so many of the 
stern and dauntless spirits of our race, from John Davis, of 
Sandridge, who in 1588, in his ‘tiny vessels and with his reck- 
less gallantry, made the first great dash toward the Northwest 
Passage, to Melville, Greeley, Nansen and Peary of our time. 
And so, when six years later, the next’ Arctic expedition left 
the shores of the United States'in the Jeannette, we find Mel- 
ville with it, an eager ‘and daring volunteer: 

The Jeannette, a bark-rigged steamer of 420 tons, was pur- 
chased and equipped for polar service through ‘the liberality 
and patriotism of Mr. James Gordon Bennett, of New York. 
She was commanded by Lieutenant George W. De Long,’ U. 
$. N., serving with whom were Melville, two lieutenants, and 
Surgeon Ambler, of the United States Navy, and twenty-eight 
others comprising the scientific staff and crew. Melville’s de- 
tail was not obtained without effort, De Long noting that ‘ the 
Department ‘was very reluctant to attach him to the Jeannette 
from a'sense of the extreme difficulty of supplying his place 
in his absence.” 

Prior ‘to this voyage, no polar expedition had ever passed 
through Behring’s' Strait, although high northing: had been 
made by British ships, sent by that route, years before, in the 
hope that they might meet Sir John Franklin’s squadron. In 
facing so much that was unknown, the expedition was regarded 
as but preliminary and experimental in seas which no keel had 
plowed. 

Leaving San Francisco, Cal., on July 8, 1879, the ice was 
met early in September a short distance northwest’ of the 
straits. The vessel never, thereafter, escaped from the floe 
which held‘her:’' She drifted almost steadily to the westward 
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for nearly two years, and, in the end; was crushed and sunk, 
June 12, 1881, in 77 degrees 15 minutes N., 155 degrees E., 
leaving her crew: shelterless on the ice floe in mid-ocean. 

During the long and dreary months of forced inaction in 
the ice, De Long learned to know the high qualities of his 
engineer officer, as the pages of his Ice Journal show so often. 

“ Melville,” he notes, “is more and more a treasure every 
day. He is not only without a superior as an engineer, but 
he is bright andicheerful to an extraordinary extent. He sings 
well, is always contented, and brightens everybody by his pres- 
ence alone. | He is always self-helpful and reliant, never wor- 
ries about the future, is ready for any emergency, has a cheer- 
ful word for-everybody night and morning, and is, in fine, a 
tower of strength in himself.” 

As he wrote his manly. words, De Long had no thought of 
the bitter fate in store for him. He little knew that the genial 
and stout-hearted man whom he praised would yet, through 
storm and danger, seek and find him in death. That the 
strong, sweet voice, whose songs cheered so often that hapless 
company, when beset in the ice and on the long retreat, would 
yet chant, in sorrow, his requiem above the lonely tomb on the 
Lena Delta. 

Life in the floe was not wholly one of ease and peace. The 
ice was restless and the ship met many a jar in her long drift. 
She had been but four months in the pack when she was 
‘“nipped”. and. strained almost fatally, the water coming in 
rapidly from forward and freezing, as it entered, in a tem- 
perature of 29 degrees F. below. The deck pumps were 
manned and seemed, for the time, to hold their own; the 
boiler was filled hastily with snow, slush, and ice from the 
bilges; and the furnaces were fired long before this was com- 
pleted. At last, steam drove effective pumps, and the Jean- 
nette, ior a space, was’ saved ‘by its power. De Long speaks 
of Melville’s “ indomitable energy’’ in this. crisis, and, later, 
of “ Melville who will not sleep or'rest,’ but who, when he 
does retire, ‘lies awake, planning some new means of. pump- 
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ing a ship by steam which will be more economical than the 
main boilers.” 

The latter question was of ‘vital importance. With a lim- 
ited coal supply, the large expenditure for pumping meant, if 
not lessened, abandonment of the ship and facing the perils of 
the moving pack. The commander of the expedition refers 
often to Melville’s success in devising one mechanism after 
another'to accomplish this; and, in:view of his words, General 
Greeley’s comment seems but just that the Jeannette “ avoided 
foundering only through the energy and skill of Melville.” 

With little but the ceaseless pumping to disturb the “ un- 
broken: monotone” of life within the pack, the ship ‘drifted for 
nearly eighteen months from the time she sprung a leak, until, 
on May 16, 1881, an unknown island was sighted. Eight 
days ‘thereafter another loomed up, and, although the drift 
was rapid and the floe was in a switl; De Long sent, to unfurl 
the flag on this new land, a small force with Melville in com- 
mand. 

The journey was hazardous in the:extreme. There were 
lanes of water ‘to be ferried over, roads to cut, and chasms to 
fill that the dog-team might cross: The temperature was 
many degrees below freezing, the clothes of the party were 
wet, and their hands frost bitten. Undeterred, Melville pushed 
on for three days, when the island rose before him; but be- 
tween them surged’a wild stream of ice blocks in constant 
motion and tumult. “Great bodies of ice were incessantly 
fleeing, it seemed, from the mad pursuit of those behind; now 
hurling themselves on top and now borne down and buried 
by others. And it was through this chaos that we must force 
our way to the island.” 

Abandoning their light boat, with much of their provisions, 
Melville and his men made a dash ‘for the shore; dragging the 
dogs which, from fear, refused to follow; jumping the sled 
from one to the other of the rolling floe bits; and reaching, at 
last, wholly exhausted, the coveted land. Giving his flag to 
the breeze and ‘taking possession of the new territory—as 
Henrietta Island—in the name of the United States, Melville 
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made a running survey of the land, with the bearings of the 
principal promontories; and then, after a short rest, the ex- 
pedition began its return, during a bitter storm and reaching 
the ship after five days’ absence. Of Melville’s reckless gal- 
lantry in this, De Long justly says: “ If this persitence in land- 
ing upon this island, in spite of the superhuman difficulties he 
encountered, is not reckoned a brave and meritorious action, 
it will not be from any failure on my part to make it known.” 

In thé early morning of June 12, 1881, the Jeannette met 
her fate. Thirty-six hours previously, the motion of the ice 
had become violent; later, the floe split and the ship righted ; 
then it closed in again and she began slowly to fill) At 4 
A. M., she sank suddenly. The yard-arms were stripped and 
broken upward, parallel with the masts, and so, like a great, 
gaunt skeleton clapping its hands above its head, she plunged 
out of sight... The situation was one to chill the stoutest heart, 
—out on the split and moving floe in mid-ocean; 500 miles in 
a direct line from the Lena Delta, the nearest hope of succor ; 
150 miles :from the nearest known land, the desolate: New 
Siberian Islands; with some sick men; and able to transport 
but a limited supply of food... Of a portion of the retreat 
from this point, General Greeley says: 

“Lieutenant: Danenhower had long been disabled, Lieu- 
tenant Chipp and three men were sick, and, under these con- 
ditions, De Long retreated south to the New Siberian Islands, 
150 miles distant. In this fearful journey, Melville was full 
of energy and expedients.” 

Forty-one days after the march began, a hitherto uundie- 
covered land, named, by De Long, Bennett Island, was 
reached. The journey, thus far, had been entirely by sledg- 
ing and had been attended by herculean toil. . Throughout it, 
roads had to be cut, bridges built over narrow leads, and raft- 
ing resorted to where bridges would. not serve. The force 
was, in addition, too small to haul more than one sled at a time, 
and, therefore, to advance all of the baggage, the course must 
be traversed, to and fro, thirteen times. 

Melville led the working force during the greater part of 
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the distance to Bennett Island, acting as a lead horse in setting 
the pace, ‘or tugging in the harness and putting his shoulder to 
the sled, when need arose. De Long writes of this: “There 
is no work in the world harder than this sledging; and, with 
my two line officers constantly on the sitk list, I have much on 
my hands. In Melville I have a strong support as well as a 
substitute for them, and as long as he remains as he is, strong 
and well, I shall: get along all right.” 

A stay of nine days on Bennett Island recruited the ex- 
hausted' ‘men, and, as the Arctic winter set in, they started 
southward again. There were many water leads in sight, and 
De Lor embarked his crew in the three boats, commanded 
respectively by himself, Chipp and Melville. The latter’s or- 
ders were explicitly “take command of the whale boat ;” and 
this was emphasized thus: “ Every person under my (De 
Long’s) command at this time, who may be embarked in that 
(whale) boat at any time, is under your (Melville’s) charge 
and subject to your orders.” 

The journey, while now less fatiguing, was still attended by 
great toil and suffering. Sailing, for any distance, was impos- 
sible. Again and again the shifting ice would block a lead, 
and the boats must be discharged, hauled up, and dragged, 
perhaps half a mile, to their relaunching. While in the boats, 
the men were cramped, cold, and wet; their scanty clothing 
was in rags; and they had no covering for hands or feet. Once 
progress was totally stopped and the “Ten Day Camp” was 
made upon the floe. Several times they touched at islands, 
but lingered briefly, for food was failing and delay meant 
death. | 

At last, after five weeks of this, we find the three! com- 
manders, on’ the evening of September 11, at the edge of the 
ice, ‘with the open sea before them, and the Delta but ninety 
miles away... They communed ‘together long and earnestly. 
Help seemed near and hope surged high. And yet, all un- 
aware, there clung, about’ these stern and gallant men, the 
shadow of death. They had come to the parting of the ways. 
The little squadron was in motion with the dawn, Melville 
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attending the sheet;.and retaining then, ,as, always, the com- 
mand of his boat. The,wind and sea arose, and by, evening 
it was blowing a living gale, before which the boats ran, The 
swifter whale boat. forged ahead and could not keep the; posi- 
tion, with regard to him, that was indicated by De Long. With 
great seas following and threatening, to comb over.on her, she 
must either increase her speed, heave to, or,be swamped. De 
Long, seeing her peril, waved her onward; and, with that last 
signal in the misty, twilight; Melville and he parted for' all 
time. 

“Looking backward,” later on, Melville, writes of \Chipp’s 
boat: “ Once more she appeared; an immense sea enveloped 
her; she broached to. I could see a man striving to free the 
sail; she plunged, again from. view; and, though waye after 
wave rose and fell; 1 saw nothing but. the seething white caps 
of the cold, dark sea.” Chipp and;his-men had gone. to sea- 
men’s gtaves. 

On the whale boat there were eager eyes watching to. sight 
the stream of running ice in which she might find shelter. 
For her to outlive the gale it was, as Melville tersely puts it, 
“ A case of ‘ Night or Bliicher—ice or heave to!” There was 
no ice, and, at last, the boat, with danger and difficulty, was 
put about and lay, head to wind, held by a rude sea anchor 
which had been hastily made: In suffering and peril, her hap- 
less crew pitched and rolled until the next afternoon, when 
they were again under way, entering, after many hours at-sea, 
one of the mouths of the Lena river, and-reaching, after many 
privations, the Russian village of Geeomovialocke. , In, about 
100 days and transporting 290 pounds per man, they had com- 
pleted an unparalleled retreat, aggregating, in its many wind- 
ings, over 2,200 miles. ' 

Their condition was pitiable.... Feeble, ragged, and starving, 
with frozen limbs, painful as though..scalded, from, knees. to 
toes, they clambered ashore, Melville himself being unable to 
stand for fifteen days. »;The village was poor and desolate. 
The only food, was geese and, fish, both well advanced toward 
decay, and there was little even of these. With enfeebled 
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men on such a diet and without 'anti-scorbutics, scurvy became 
a present danger, and departure inland a vital necessity. It 
was, however, only after a lapse of three weeks that it became 
possible to send a native courier through to Bulun, the nearest 
official Russian settlement: ‘Two weeks later, he returned 
bringing some supplies and what seeied-to Melville a message 
from the dead—a dispatch from two ‘seamen of De Long’s 
crew. 

Their boat had lianded September 17 and they had followed 
southward the barren shores of the Lena, retarded by snow, 
young ice; andthe sick. De Long and Ambler, to their ever- 
lasting ‘honor, ‘had ‘held fast to their feeble and dying men, 
and, when game! and food failed, had sent two of the party 
in advance to seek relief.’ From ‘these the message came. 
Melville set out, at once and ‘alone, for Bulun, and there met 
the two seamen. He was still far from strong.. De Long 
and his men were dead. Although he did not know this to be 
so, his judgment told him that, after such a delay, a search 
would be’ fruitless in saving life. And yet, “it was duty.” 
Like ‘the. heroic Richard Chancellor; of'early Arctic history, 
his noble rule was “' either to bring that to pass which was in- 
tended, or else to die the death!» An eloquent writer has said 
of Melville’s unflinching fortitude and fidelity at this time: 

“To the southward, toward Yakutsk, whither he had or- 
dered Danenhower to proceed, a warmer sun was shining, and 
there lay the’ great Russian road leading to’ the borders of 
civilization ; to ‘the railway; to the blue sea, to home! | Few 
men, after passing through all the perils that Melville had sur- 
vived, would have thrown ‘away ‘that’ seeming last chance’ of 
personal safety ; but he, ‘being cast in rare, heroic mould, turned 
his back upon the means of saving himself and set his rugged 
face to the northward, forcing his way into the darktiess and 
the awful silence of the Arctic winter like one deliberately in- 
vading the dominions of death.”* 

And so, starting out with two natives, two dog-teams; and 
five days’ food, he began a search which extended through 


* Bennett’s “The Steam Navy of the United States.” 











se Sot 











GEORGE! WALLACE ‘MELYILLE. 493 


twenty-three days and over a thousand miles of travel, in the 
deadly cold of the Arctic winter, and at a time when there were 
but two hours of daylight in the twenty-four, and through the 
fierce gales which then swept the treeless tundras. 

It is not possible to detail fully herein the peril and the suf- 
fering of that search. Melville early became disabled from 
the cold, his feet and limbs swelling, blistering, and the skin 
cracking. While he stopped occasionally at settlements, food 
was scafce there and it failed often in the field, necessitating 
the use of reindeer bones, fish heads, and other refuse, gath- 
ered on the:march. The faces of the natives became blistered 
and sore; the dogs were worn to mere skeletons, and even Mel- 
ville himself grew careless as to whether he lived or died— 
and still he pressed on! Inured to the cold: as they »were, 
his men flagged often in their march ; but by entreaty; by ar- 
gument, by intimidation with the sight and sound of fire atms, 
the half frozen, helpless, but dauntless leader, kept them: r mov- 
ing. Once they mutinied: outright, saying: 

‘We have no food. We cannot go. We shall die!” 

The only answer was 

“T willgo on. We shall eat the! dogs first; and, after that, 
I will, if necessaary; eat you Yakutsk ; but I will go on.’ 

And the mutiny was crushed. 

The journey extended to the shores of the Arctic: ocean 
where he found the instruments: and ‘records cached: by De 
Long, whose track he followed for some distance inland, ‘until, 
misled by the chart, he Jost the trail. Then, exposed to-a piti- 
less storm, attacked by an enervating dysentery, and worn. to 
a shadow from cold, hunger, and slow starvation, he returned 
to: Bulun. 

With the earliest spring, despite Gitrce gales, Melville was 
again inthe field, leading then a well:equipped party. On 
March 23, 1882, he found his dead shipmates,—De Long 4y- 
ing on the river bank, Ambler with him, and the rest- gathered 
near. Apparently Ambler had-been the last to die. ‘He lay 
with a loaded pistol in his hand, as if defending the! dead be- 









494 GEORGE WALLACE MELVILLE. 





fore him, keeping “ his lone watch to the last—on duty, on 
guard,’ under arms.” 

Of him,——a Virginia gentleman of the old and courtly school 
—Melville spoke always with deep tenderness, for the ties 
between them were warm and brotherly, born of regard, each 
for the other’s fortitude, fidelity and honor. .An_ incident 
which shows the manly traits of both may well be given here. 
The dark horrors of the Franklin retreat, which were revealed 
when the seekers, years after, found human bones in the camp 
kettles of that hapless company, had been discussed: between 
them and powders of cyanide of potassium had been prepared 
on the Jeannette to be carried by both, that. they might end 
their lives, if, in the famine of a long retreat, such a temptation 
should ever come to them. 

Again, when near the ending of that last march, De Long 
broke down—physically, but never mentally,—and, in noble 
self-sacrifice, asked that his men leave him and go on, Am- 
bler’s stern answer was: “If you give up, I take command! 
And no one shall leave you while I live.” They were knightly 
to the last, these wan shadows of living men. 

There remained but to bury the dead. If left on the low- 
land the coming floods would sweep them to the ocean. In 
the foot hills, miles away to the southward, there was a rock, 
‘a bold promontory, with a perpendicular face, overlooking 
the frozen polar sea,’’ and; on its summit, Melville built a tomb 
of massive timber capped with a heavy cross. Then, turning 
tenderly the: dead faces “towards the East and the sun ris- 
ing,’ as he writes, “in sight of the spot where they fell, the 
scene of their suffering and heroic endeavor, where the ever- 
lasting snows would be their winding sheet, and the fierce 
polar blasts would wail their wild dirge through all time,— 
there we buried them, and surely heroes never found fitter 
resting place.” 

It'was done. ‘The working party turned to go, but Mel- 
ville: lingered. He was worn physically, brain. weary. and 
heart sick; and, fora moment, the reaction eame» The stern 
eyes that the snow glare could not blind grew dim, as memory, 
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in full tide, surged backward through the years.. He had been 
the singer of the Jeannette; and, leaning on the tomb, there 
came from him, half unconsciously and yet in noble pathos; his 
last song to the dead: 


We thought, as we hollowed the narrow..bed 
And smoothed down the lonely pillow, 

That the foe and the stranger would tread o’er their heads, 
And we—far away onthe billow. 


Lightly they’ll speak of the spirits who’re gone 
And, o’er their cold ashes, upbraid them; 

But little they'll reck, if-we let them sleep on 
In the grave where ‘a comrade hath laid them. 


Slowly and sadly we laid them down 
From the field of their famé, fresh and gory, 
We curved not a line, we raised not a stone, 
But we left them alone with their glory. 


The mourner, alone there on the tundra, at the bitter ending 


of his heroic Odyssey of wandering in the North, was proving 
again, all unconsciously in his last song, a truth as old as 


time: 
The bravest are the tenderest, 
The loving are the daring. 


His words, too, rang truer than he knew, for it was not so 
long after that the dead commander was “ upbraided,” that 
his conduct of the expedition -was questioned’ unjustly; and 
that Melville appeared before a Congressional commission, his 
defender in death as he had been his “ tower of strength” when 
ice beset. 

De Long and his silent company have been borne since then 
across the sea and sleep in peace with the dust of their kin. 
Without detraction from that dead leader’s: fame, in his ‘mas- 
terly retreat and in his intrepid march to death; it may be said 
that Melville’s name glows brilliantly on many a page of the 
history of that expedition, inscribed there often by De Long’s 
unselfish hand. 

Glance at the record’ of the engineer officer! In the begin- 
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ning, the Jeannette avoided foundering only through his energy 
and skill; and she would have been abandoned long before she 
sank, but for his inventive genius and resource. He was the 
first, through many dangers, to unfurl the flag on wnknown 
Arctic land. He led the working force during the greater 
part of the fearful march to Bennett Island. He commanded 
one of the three boats in the subsequent retreat ; one of the two 
which reached the land, and was the only commander to bring 
his crew through safely. 

While yet enfeebled, he made a search, without parallel in 
Arctic history, for De Long, through wild storms and deadly 
cold in the sunless day of the Arctic winter. In earliest spring 
time, amid fierce gales, he found and buried his dead comrades. 
He recovered and brought back, while ill and partly frozen, all 
the records of the. expedition,. And, finally, before turning 
his face homeward, he made a last search for Chipp and his 
. men, outlining with his party, the entire coast of the Delta 
and entering the mouths of all its streams. Surely, the force 
of duty, of honor and of friendship could no farther go than 
this. ; 

Melville’s achievement, in this expedition, retreat and 
search, met cordial acknowledgment from competent authori- 
ties. The Hon. William E. Chandler, Secretary of the United 
States Navy, referred to it as“ untiring and intrepid.” In 
1890, the. Hon. James R. Soley, Assistant Secretary, of the 
Navy, delivered an address at the unveiling of the Jeannette 
monument at the United States Naval Academy. at Annapolis, 
Maryland. While stating that “ itis not to the living, but to 
the dead, that this day is consecrated,” the speaker said: 

“ First of all come his (De Long’s) two right-hand men, 
the executive: officer and the, engineer, of whom he writes: 
“Aided by Chipp and, Melville, whose superiors the, Navy can- 
not show; with, their untiring, energy, splendid judgment and 
fertility of device, I am confident of doing all that man can do, 
to carry the expedition to a successful termination.’ ” 

And again of the search, he said: 

“ There is more yet to be told of this expedition, but we 








GEORGE: WALLACE. MELVILLE, 497 


may not dwell upon it here. * * *. How Melville heard 
from Noros and Nindemann of |his captain’s cruel plight, and 
how, before he had regained his strength, he braved alone the 
Arctie storms and cold and, hunger, traversing the Delta down 
to the very coast, freely putting his life again at hazard; in the 
faint hope that he might bring relief; how a second time he 
scoured the plains in, March and found the bodies, and; laying 
them in the earth to rest, built over them,the cairn and cross, 
in whose likeness this stone has been erected; here.” 

The naval Court of Inquiry which;\in 1883, investigated all 
facts as:to the Jeannette expedition,.after stating in»its report 
that Melville, .in-his, search, nearly sacrificed “his life from 
hunger and cold,” said that especial commendation was due 
him “ for his zeal, energy, and. professional aptitude, - which 
elicited high :encomiums) from his commander.” 

Brigadier General A. W. Greeley, U.:S..A., the commander 
of the Arctic expedition:to Lady Franklin Bay, jin -his work 
‘Explorers and Travelers,” makes mention of Melville’s ‘“* in- 
domitable energy and great professional skill’’ in getting under 
control the leak in the crushed Jeannette; of how,'‘‘ at the risk 
of his life, through the moving: pack,” he landed on, Henrietta 
Island; and-of how, “exhausting, all practicable means,” he 
pressed the search for De Long. 

As to the retreat over the pack in which: Melville played so 
important a part, this eminent Arctic authority says: 

“ Lieutenant Danenhower being disabled ‘and Lieutenant 
Chipp sick, De Long’s main dependence was in his chief -en- 
gineer, Melville, who: was well, strong, energetic and fertile in 
expedients. -* * * Its unriecessaty to dwell on the dan- 
gers and ‘hardships which this unprecedented journey entailed 
on the members of this party, which were met with fortitude, 
courage and energy that made its successful issue one of the 
most notable efforts in the history of man, aha tied ob- 
stacles almost insurmiountable.”’ 

In reporting favorably a bill giving Melville. promotion for 
his heroic service, the naval committee of the United’ States 
House of Representatives of the Fiftieth Congress said: 
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‘The qualities, as officer and man, displayed by Chief En- 
gineer Melville throughout the cruise of the ill-fated Jeannette, 
and especially during the retreat of her crew over the ice and 
waves. of the Polar sea, to the desolate shores of: Northern 
Siberia, and more strikingly during the search for the remains 
of Lieutenant Commander De Long and his party during the 
perils and privations of an Arctic winter, have invoked the 
admiration of the world.” 

In the Fifty-first Congress, the Senate naval committee re- 
ported on this bill as follows: “In view of such a record, the 
committee feel that the proposed promotion, so long ‘after the 
deeds which it is intended to recompense, is an act of tardy 
justice and hardly adequate.” 

The bill, as passed finally, stated that the promotion was 
given as “ a recognition of his (Melville’s) meritorious services 
in successfully directing the party under his command after 
the wreck of the Arctic exploring steamer Jeannette and of his 
persistent efforts, through dangers and hardships, to find and 
assist his commanding officer and othet members of the expedi- 
tion before he himself was out of peril” 

Melville reached home on September 13, 1882, just one year 
after the parting of the boats in 'the gale, and, for him, a year 
of danger and of strenuous toil. On May 1, 1884, we find 
him northward bound again, this time with the squadron. dis- 
patched to the relief of the Lady Franklin. Bay expedition. 

This expedition had been in the Arctic since August 11, 
1881, and, having no means of transportation by sea, was to 
have ‘been relieved, at a predetermined time, by vessels from 
the United States. The relief ships not appearing in» due 
season, the expedition began its retreat, which was effected, in 
health with records and all essentials excepting’ full food sup- 
plies, to Cape Sabine in October, 1883. There, hemmed in 
and daily expecting succor, Greeley made what proved to be 
the death camp of many of his men, and there the feeble and 
starving remnant of ‘his heroic command was rescued, June 22, 
1884, by the United States ships Thetis and Bear. 

His expedition’ “failed not in aught entrusted to’ it” 
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and “‘ perished through ‘others;” for, as Melville’: states, 
the United: States Government’s. efforts! for relief, made 
in due season, “ were thwarted by carelessness, incompetency 
or imexperience.” On September 14, 1883, while: Gree- 
ley’s men were still in good condition, Melville wrote the Navy 
Department, volunteering, if landed at Cape York, to lead a 
party to Littleton Island, to communicate with Greeley, and, 
if the latter’s men were sufficiently strong, to conduct thenrto 
the base-of supplies at Cape York. 

This proposition was rejected by a naval board as imprac- 
ticable, mainly on the ground of: the lateness of the season, 
although whalemen had been known to cruise as far north 
as Cape York up to October 20. General.Greeley himself said 
afterward, as to this: “I have already officially concurred in 
the views of Chief Engineer Melville and the opinion of the 
sealers of Newfoundland that our relief was practicable during 
the autumn of 1883.” 

With the rejection of Melville’s project, which his experi- 
ence and courage would, doubtless, have made successful, the 
ill-starred expedition was left to its fate for another winter, 
another spring, and well into another summer. When, finally, 
a relief squadron was organized, Melville volunteered; his 
knowledge of the needs of such an expedition was utilized 
largely ; he was among the first to reach the dying men at: Cape 
Sabine; and, with this mission of mercy, there closed fitly his 
Arctic service, and, in effect, his service afloat. 

Admiral Melville acted as Engineer-in-Chief of the Navy 
from 1887 to 1903, during a period of sixteen anda half years, 
which covered the creation of the “ New Navy” and the War 
with Spain. This service, in its duration, and, indeed, in many 
respects in its achievement, has never been equalled by any 
Chief of Bureau in the history of the Navy Department. 
Throughout these years, machinery aggregating a million and 
a quarter horsepower was designed under his masterful super- 
vision for about 120 vessels, 24 being catia and 41 ar- 
mored ships of all classes. 

His tenure of office began in characteristic fashion. The 
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rebuilding of the fleet had been started and four vessels, de- 
signed by United States naval engineers and constructors, had 
been completed by contract in the yards of John Roach, of 
Chester, Pa. These ships were reported upon adversely by 
various naval boards, somewhat unjustly it appears, since two 
at least.of them are afloat and in service today. Influenced, 
however, by these criticisms, the Navy Department. purchased 
abroad the plans of several other vessels for further additions 
to the fleet. In 1887, the Secretary of the Navy resolved to 
change the foreign policy which these purchases indicated ; and 
he instructed Chief Engineer Melville to prepare, at Philadel- 
phia, Pa., special designs for the machinery of two 1,700-ton 
gun boats, and original drawings for that of a 4,100-ton 
cruiser. When completed, those of the cruiser were accepted 
by the Union Iron Works, of San Francisco, Cal., which com- 
pany guaranteed their success, preferring them to foreign de- 
signs offered as alternatives. From them the machinery of 
the cruiser San Francisco, a highly successful ship, was built ; 
and there was ended thus the régime of imported ‘plans, those 
of the Bureau of Engineering having been accepted, as a whole, 
without question by contractors in all subsequent work. The 
energy with which, in a few brief weeks, this task was done, 
with its wholly successful outcome, met due recognition; and, 
on August 9, 1887, shortly after its completion, Melville was 
nominated as Engineer-in-chief of the Navy, with the relative 
rank of commodore. Later, through the provisions of the 
Personnel Law, he was advanced to the grade of Rear Ad- 
miral. Melville’s years as Engineer-in-chief were marked 
from the first by the same wise daring which was the keynote 
of his whole strenuous life. Its essence was supreme courage 
joined with the prudence which came to him from his Scotch 
forebears. From the’ ‘beginnmg, in his annual reports, he 
spoke out boldly, giving without reserve the facts as to naval 
conditions,.as he knew them. This free speech antagonized 
the conservatism of officers of the old. school, and complaint 
was made to President Cleveland, who—himself.a man abrupt 
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as he was strong and frank—read the report and said simply: 
“We need more such men.” 

And so, ‘in the administration of the affairs of the Bureau 
of Steam Engineering during this period, there was always 
progressiyeness of the right kind. Its Chief was eager in his 
ceaseless search for all that was best in late developments, but 
he was never attracted by mere novelty only. Strong as he 
was to make advances on lines from which an engineer of less 
courage ‘would have shrunk, he had still the mental poise and 
strength to hold back when his judgment told him that some 
suggested improvement was still in the experimental stage. 

As soon as’ he entered office, he virtually revolutionized 
launch machinery, fitting water-tube boilers and other im- 
provements. Then he overthrew ruthlessly the time-honored 
tradition that the engines of a war vessel should be ‘horizontal 
that they might be below the water line. The machinery of 
the first Maine of tragic memory marked his departure to the 
type of the vertical engines of short stroke and’ high speed 
which serve so efficiently today. In boilers, ‘he met from the 
first, with the utmost skill and’ courage,’ a long and bitter 
struggle. While the cylindrical fire-tube boiler remained in 
service, the demand for the reduction of ‘machinery weights, 
coupled with the extended use of forced draft, tempted for- 
eign designers to cut boiler weights ‘too low, with disastrous 
results in’ one great navy. Melville refused to be moved by 
this demand. He held resolutely to a policy of efficiency with 
full safety, declined to so reduce weights as to make undue 
forcing necessary, and thus! our Navy was. free from boiler 
failures, f 

When' the day of the Scotch boiler was ended, Melville be- 
came the pioneer in the world's-navies ‘itv the introduction of 
boilers of the water-tube type in large vessels. In designing 
the machinery for the monitor Monterey, the limitations were 
such as to make an installation of cylindrical boilers imprac- 
ticable. He’ proceeded at once to secure a‘ water-tube: boiler 
which would meet’ the coftditions. Competitive tests were 
made, and the ship was eventually fitted with coil boilers for 
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three-fourths of her power... That this step. was: a bold, one 
at that period is shown by the fact that one great shipbuilding 
firm, which was, the: lowest. bidder, refused to; guarantee, the 
power required by the. specifications, except; as to the two 
Scotch boilers which formed one-fourth of the ship's. equip- 
ment. The success of the Montercy would have tempted! most 
engineers, with Melville’s opportunities, to immediate action on 
a wide scale. He felt, however, that sufficient experience with 
the water-tube boiler had not yet been gained, and for that he 
was content to wait. Meanwhile, in some foreign navies, al- 
though they began later than he, the introduction of complex 
boilers of this type was pressed with such feverish eagerness 
that there were many errors, great waste of money, and much 
bitter controversy. 

Admiral Melville was always an advocate of high speed in 
war vessels, To him, speed meant position, the “‘ weather 
gage” of the old days. In forceful words, he said: “ Speed, 
and particularly its control, form the cardinal elements of tac- 
tics,” and, in pursuance of that belief, he designed for the 
United States Navy the machinery’ for two vessels which, for 
their size, were the swiftest in the world in their day, the 
triple-screw cruisers Columbia and Minneapolis, whose record 
remained unequalled for nearly a decade. These ships, which 
were perhaps the greatest triumphs of his professional career, 
gave marked evidence of both his judgment and his daring. | Al- 
though urgently advised by many professional friends not to 
attempt so radical an experiment, he went calmly on—to full 
success in the end. The engineering problem, as to these ships, 
was difficult of solution. A hull of 7,375 tons displacement was 
to be driven at a speed of 22 knots on an indicated horsepower 
of 21,000. With twin screws this would have meant a thrust 
of 10,500 horsepower on a single shaft. While the-Bureau of 
Steam Engineering had, from past experience, full confidence 
in the ability of the great works at Bethlehem, Pa.—under 'the 
conduct of that eminent engineer, John Fritz—to produce steel 
forgings of the highest character, still; up to that date, no 
shafting for the transmission of this great power had been 
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made in the United States: Again; a)design including twin 
screws would have necessitated not only massive shafting, for 
that day, but large parts of the machinery throughout, if with 
single engines of 10,500 horsepower on each shaft. 

A further! consideration: was that of securing economy’ at 
moderate’ speed, when full speed was so high; and it seemed 
that'this would be better attained by running engines of 7,000 
horsepower at, say, 2,000, than those of 10,500 horsepower at 
a corresponding speed. The only’ further ‘alternative was a 
twin-screw design with two engines ‘of ‘5,125 horsepower each 
on the same’ shaft—a method which involved much multipli- 
cation of parts, as well'as disconnecting gear for ore engine 
on each shaft, and ‘special provision for the wearing down of 
the shaft bearings of the after engines. 

The French experiments.on the Carpe’and the trials of the 
Tripolt had left no doubt: as to the ‘success of triple’ screws 
for those powers; and the French had shown their faith in 
them still further by the preliminary designs of the Dupuy 
de Léme. ‘In view of this and of the consideration above set 
forth, the engineer-in-chief decided to tise triple screws in these 
vessels: Their success, in contract trials and i in long enenrnanens 
rims, amply vindicated his judgment. 

On other occasions, Admiral Melville argued effectively for 
high speed in our! warships. | When, ‘in 1898, the proposals for 
the new battleship Maine and: her’ sisters, the Missouri and 
Ohio, were in course of preparation, hé stood alone in his de- 
mand for 18-knot; as against’ 16-knot; ships, and, single- 
handed, ‘he began the fight against'the indifference in some 
quarters ‘and: the ' active: opposition’ which? existed in’ others. 
His forceful protest ‘was taken’ up editorially by the “ New 
York Tribune,” and‘soon found ‘nation-wide approval: If the 
Admiral had not won, as he did, we should have been, for three 
years longer, behind the great navies of the world in’ battle- 
ship speeds. '- Again, in'1902; he'made a’similar arid’ most: vig- 
orous effort:when; as a member-of the Board on Construction, 
he fought for the highest’ practicable ‘speed for’ the armored 
cruisers‘ Washington and Tennessee. 
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Lack of space forbids any. attempt to review fully Melville's 
career as, Engineer-in-chief.., It, may ,be said,’ however,, that 
such a review would be largely but a record of pioneer progress 
in the science of niarine engineering.’ | He was the first to. de- 
termine. by continuous tests the actual;coal consumption of 
naval boilers, with results. which were somewhat: startling to 
those who had. been “‘estimating”—by guess—-the steaming 
endurance of our ships. -Again, he was the first, to. use the 
“ standardized-screw’”” method, of! finding, the. trial speeds. of 
ships, a method which has withstood ithe test of time as at 
once. the ‘simplest, the, cheapest, the most: accurate, and the 
fairest to. the contractor and the Government. During his 
administration there were conducted the; most: extended. series 
of tests to ascertain the relative values of coal and liquid fuel 
which have ever taken place. The report of these tests has 
become.a world-classic on this subject. As early! as' 1903, he 
recommended officially that a ship, preferably of the scout 
or. fast-cruiser class, be. fitted,.with steam turbines. to. try 
out the value of the latter for naval,purposes. He urged for 
years, and with final success, the establishment, of the Experi- 
ment, Station and the Post-Graduate School. of Marine Engi- 
neering at Annapolis. The latter, especially lay near his heart, 
for, like the Scots. from ,whom,he came, he-had the love of 
learning for learning’s, sake.’ His foresight,as a naval engi- 
neer, marked in|many minor instances, was especially brilliant 
in, four, mest! noteworthy acts: the use of triple serews,; the 
early adoption. of! the water-tube boiler, the, tests of fuel oil 
whose great -future he! predicted, ;and finally the anticipation 
in design by, him of the Dreadnoughts of today.,, For, years, 
-he had advocated what.-he called,.an ‘“‘all big-gun, one-caliber 
ship,” and, in 1899, he submitted:to the Board of Construction 
a sketch plan of the battery-of such a ship, carrying ten 12-inch 
rifles and‘ having, speed of, twenty knots. 

‘In the writer's view, Aidmiral Melville’s greatest service, both 
to the Navy and te his profession, Jay. in the noble;work which 
he did in, widening the field and in increasing the prestige of 
the engineer. In these pleasing days of, nayval\harmony,: one 
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can look backward, dispassionately and with no bitter mem- 
ories, on that long struggle of the old Engineer Corps for full 
recognition in our Navy. Viewed thus, that struggle seems 
now natural enough. On theone ‘side, there were arrayed 
men trained as sailors, intensely proud of the traditions of a 
most brilliant past; on the other, men skilled in anew science, 
which, with their knowledge, they could readily foresee ‘was 
fated to drive the sailing warship from the seas. The fuit 
Ilium of the old days and the old Navy had been sounded, but 
the Line of that time were reluctant to heed the warning. 

The struggle between the two forces; thus honestly and 
fairly opposed, was long and severe: In the end, the entire 
engineering profession of this country was united in demand- 
ing recognition for their brethren of the Navy. The League 
of Associated Engineers, comprising ten thousand professional 
men of all branches, was organized for this purpose and con- 
tributed liberally to forward it. The primary influence in 
stirring these men and many others to action, was Melville’s 
towering personality. With his heroic'record and his master- 
ful genius, he seemed to them like a Viking of old days, whose 
lion-like leadership they were proud to follow: ‘In the happy 
issue of it all, when peace with honor came to the officers of 
both branches, Melville was the first:to’ welcome it, ‘eager al- 
ways, in his great-heartedness, 'to sweep away dark memories 
and heal the wounds of that long strife. Ericsson’s prophetic 
dictum of years ago, was that “modern navalwarfare must 
henceforth be largely a matter of engineering,” which is an 
axiom now. >And so, the'world’s navies and the nations whose 
far-flung lines of battle and defence they are, owe Admiral 
Melville'a deep debt for his long struggle for, and ‘his advance- 
ment of, the cause of engineering on the seas. 

Melville was remarkable, not only for his lucid hoisgit but 
for ‘his abundant and: apt vocabulary. ' in’ ‘its expression: In 
speech as in action, he sought the objective instinctively, ‘and 
then, like an arrow to its mark, his powerful intellect: made a 
straight course; undeflected by the irrélevancies, the side issues, 
which'trouble feebler minds. ' ‘In April, 1884,’ thet’ Jeannette 
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Inquiry’’;} was: held bya sub-committee’ of the Committee on 
Naval: Affairs:of the House of Representatives: In: this in- 
vestigation, the heirs of De Long were, ‘with. Melville, :repre- 
sented, by: counsel; to whom was opposed the ‘counsel for the 
petitioner: Melville's testimony—-or rather argument—before 
the committee excited'comment for its clearness, its unbroken 
flow, and its sustairied power during long hours;'': After re- 
_ -ferring to it as ‘ vivid;and beautiful,” the opposing counsel 
stated: 

“T have this to say with reference to Melville, that he ‘is 
mentally: so:constructed:as to be an extraordinary and remark- 
able man; and, in that wonderful oration which he delivered 
here; under oath, from half-past 10 in the morning: until 6 at 
night, I have never witnessed, in my experience, more physical 
and mental endurance.” 

These words—from, for the: time,:a formal: foe—indicate 
partially Melville’s power in written and spoken thought. He 
had, in high degree, the faculty, so essential in literature and 
art, of minute observation as to, and persistent: memory of, 
details; with further, a vocabulary unusual in its extent, and 
instant and fluent!!in its application. Combine these with. a 
wide reading which crops out here and: there in simile and 
quotation,’ with am imagery drawn: from scenes. which not all 
have viewed, and a toil and suffering which few have met, and 
with ithe further fact that his honor! and that of the dead had 
been questioned ; and it! will not, then, seem strange that’ the 
“oration” ranged: from fierce invective to the deep tenderness 
and refinement of feeling shown herein as to the burial in the 
Delta, and that the learned -counsel found it “ vivid and beau- 
tifa and‘ wonder ful’ in-its:‘ re and: mental endur- 
ance.’ 

In‘:his, later yaiais Melville sometimes told, to audiences 
whom he held in thrall, the story of his! work and deeds in the 
Far North, ‘Doctor St..Clair, — writes, in the “‘ Brook- 
lyn Eagle,’ as to, these addresses : 

* The i lion-hearted’, Melville | :! Xo one who ever heard the 
veteran ‘Arctic hero describe the retreat from the lost Jeannette, 
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the weary, search, for, the dead DeLong, a;tale of peril, and of 
death, of courage and.of loyalty, unsurpassed in the,annals of 
any ‘time or country, but; would. instantly concede! that, of all 
men, the Admiral who died yesterday deserves this distinction. 
Something in his imperious, impetuous personality carried the 
listener along until all the terrible scenes of disaster, frost and 
famine. stood befare. him, in effective realism, and, made an 
indelible impression.” 

The writer, recalls an instance-of. this kind, when the Ad- 
miral and Joseph H. Choate were to be the) speakers, of. the 
evening before the Engineers’ Club of New York City.; Mel- 
ville told his story to listeners,:who were spellbound, until mid- 
night came, . Then he ended, abruptly; and,:the silence was 
profound, for there had been.the, mist of tears in his gallant 
eyes and his strong voice had, broken, when he spoke of the 
farewell to his dead-comrades as they lay beneath the cairn in 
the Lena Delta,,, At last, Mr. Choate rose and said simply: 

“ After that: thrilling, story, as noble in its devotion ‘and its 
self-sacrifice as it is tragic in all else, no words of mine would 
have fitting place here.” 

‘There was-one reason for Melville's eloquent and tender 
language when she chose, to. which he. very infrequently, and 
then half-shyly, .referred.;| He had been trained: in-youth bya 
godly old. Scotch,:mother; a rigid: Covenanter, in many; a, chap- 
ter.and verse of that “ well of English undefiled,”; King James’ 
version of the Bible. _In,.word-and phrase and paraphrase, the 
lessons of those early was aleciwen themselves unforgotten in 
his later years. 

' In his homeward journey Stem the keno Delta, Melville was 
granted a:private audience by the Czar, and,Czarina of Russia 
at the palace of .Peterhoff; near-St. Petersburg. In New, York, 
he was received: by the mayor and council and given; the free- 
dom of the city. - Later, a public; reception. was, tendered him 
in’ the.governor’s: room at the City Hall:and.a public; dinner. 
He:was given: a public.receptioniby the mayor-and-councils of 
the cityof: Philadelphia.and a military: escort and. public recep- 
tion at) Washington; Hewas elected amember of the. National 
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Geographical Society of ‘the United States, an honorary mem- 
ber of the Royal Swedish Society of Anthropology and Geog- 
raphy, and a member of the Se ener Society of’ Phila- 
delphia: 

In succeeding years, honor after honor flowed in on him, 
as the world came to know the full measure of the man. By 
Act of Congress, he received a gold medal and promotion’ by 
one grade for his heroic services in the Arctic. ‘The Czar 
made him a Knight of St. Stanislaus of the First Class) He 
was elected an honorary member of the ‘Institution of Naval 
Architects of ‘Great Britain, of the American Society of Me- 
chanical Engineers, the’ Ameticari Society of Civil Engineers, 
and the Franklin Institute. ‘He was granted the honorary de- 
gree of Doctor of Engineering by the Stevens Institute of 
Technology, of Doctor of Laws by Georgetown University, 
of Master of Science by Columbia University, and of Doctor 
of Science by the University of Pennsylvania. He was a 
Past President of the American Society of: Mechanical ‘Engi- 
neers, and, at the time of his ‘death, was Commander-in-chief 
of the Military Order of the Loyal Legion. He sought none 
of these’ honors. His’ services in ‘Polar Seas, his brilliant 
achievements ‘as’ an engineer, and, more than all else, his: noble 
qualities as'a man, brought them to him.::- ‘To valor, heroism, 
intellect ‘and science; we offer this tribute of respect,” were 
Doctor Weir Mitchell's words,:in presenting him for the hon- 
‘rary degtee iof Doctot of Science to the snes of the 
University ‘of Pennsylvania. 

Melville’s personal characteristics were such as one instinct- 
ively expects. in the'man, the brief outline of whose honorable 
and’ honored ‘career ‘has ‘been given herein. He was, first: of 
all, fundamentally: frank ‘and-straightforward.| He had none 
of ‘the arts of the diplomatist, and spurned all devious: ways 
in working out his'ends; »Intélerant always of ‘sham: and: pre- 
tence, he ‘Met ‘ostentation and evasion ‘with fiery indignation 
and no'measured ‘words. He was»rigidly honest and: incor- 
ruptible. Administering'a great ‘office! :with but! a relatively 
slender salary, and controlling indirectly the chardeter of con- 
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tracts involving hundreds of) millions:of dollars; he left that 
office; after long years of service, a comparatively poor man. 
Such wealth as he had, came'to him in later days. . Through- 
out the whole of his long life, from buoyant youth to weary 
age, his dominating feeling was an intense loyalty:to his coun- 
try and to the flag he served so well. Instinctively, he seemed 
to believe himself, naturally and of right, an integral part of 
the. Government he served. Its interests were ‘his; ‘the two 
were inseparable. 

As an officer and as an engineer, the soins of his life, to 
the very last, was “ Work.” But a few days before his death, 
he was discussing in Washington the ‘designs of ‘machinery 
for the latest battleships. The officials whom he was consult- 
ing were much younger than he, but he kept to their pace until 
far into the night. Then, they urged him to rest, but ‘he 
refused. “I may be dead tomorrow, or I may never: get ‘a 
chance to work here again. Let’s do this now!” were his 
words, as typical as they wete sadly prophetic: ‘From subordi- 
nates he exacted also the full measure of their abilities, but he 
asked nothing which he didnot give himself—work to the 
limit of his:time and strength. | In the long retreat from the 
sunken. Jeannette, when its hapless crew hauled 290: pounds 
per man over the shifting floes, it was Melville, always hope- 
ful, always’ tireless, who led the advance, bending: his ‘broad 
back’ in the sledge harness,’ and,'to’ cheer his men, singing the 
tender old Scotch songs of! his long ' vanished youth. 

He was primarily an executive, and,:as such; hewas a keen 
judge of character, witha singular faculty of not: only at- 
tracting young men ‘to’ his !service but of getting from them 
the: best.that was! in! them. |: ’To the very ablest/ amorig’ them, 
they felt it an honor to be on his staff, and gave him devotion 
in unstined measure. He repaid this! to the full, acknowledg- 
ing freely and often.their aid, ‘arid, fearless always: of conse- 
quences, taking himself the: full responsibility for any» inad- 
vertent error which) they might make. The doctrine: of the 
“ Square Deal” was ingrained-in him. *His dauntless icourage 
in facing,’ unafraid, any responsibility which his office daid-on 
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him, was.a marked mental did: to him in: his executive work. 
When once!a given:line. of) action was decided» upon, his 
anxiety ended.) The die, for him, was cast.:' He could carry 
any load without worry: | 

In his personal relations, ;Admiral Melville was a man of 
broad. sympathies and! most kindly nature... Throughout his 
life; his customary salutation to:allimen was ““Brother.”’ As 
always 'with!the strong» who do things, his feelings, for good or 
ill, were intense. He was imperious and impetuous, aggressive 
but: never’ vindictive, and severely intolerant of sham, deceit, 
and. incapacity; but, with all: this, he was the stanchest and 
most: generous of friends and tender: as a woman toward those 
for whom he cared. John Knox, in speaking of: a Melville 
of his day,'.as “a man of nature most gentle and most mod- 
est” in his friendships, uttered prophetic words':as to the 
Melville of our:time.. And, too, with all his sturdy independ- 
ence, the Admiral was, as well, singularly dependent on the 
affection of those who were near-his heart. As the loneliness 
of age came and friend after friend went beyond the “ tideless 
sea,” he clung more closely to those who remained. When his 
first seizure came, and he felt.that he was within death’s shadow, 
he summoned a few of his old:staff who were near by, saying 
simply:;.. 1 warit to ssee you once again before I: die.” 
Throughout thosé swiftly passing days of-suffering, the man 
of iron, who had met. unafraid. the fierce conflict with the 
White North, seemeéd to hold as :trifles all the honors he had 
won ; he looked only: backward to the frieridships of long ago 
and forward, gently and calmly, to\his own passing, stirred 
by: ‘what Daniel) Webster once called’ the dominating thought 
of his later years: “ My -personal responsibility to Almighty 
God.’s') in: 2 zit! 

And, now, Melville, the! “lion-hearted,’’: sleeps well, by the 
winding) river; 'in-the city ‘that. he loved.:; No Polar ‘blast, no 
sudden call.to arms, will break: his quiet rest.. Wiath:the bowed 
heads of famous nen beside his flag-draped bier, the wailing 
note:.of “Taps,” -and the;crash of farewell volleys, earth’s 
last) ‘honors: came/to! him. |) In:his life:of {strenuous toil, his 
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leadership in great crises, and his supreme self-sacrifice when 
need came, he answered to the full that world-old cry: 


“Give us men fromthe: sunless plain, 
. By ,need of work,in snow. and the rain, , ; 
Made strong and brave by familiar pain.” ~ 


And, when all is said, his most enduring monument will be, 
not the great ‘deeds of ‘the Admiral by latid and sea, but the 
tender, reverent memories of Melville, the man, which, all 
unconsciously, he has stirred. ‘Time passes and fame fades, 
but love and friéndship are eternal. 

Wiiiiam LepDyARD CATHCART. 
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ON THE BEST DISTRIBUTION OF LOAD AMONG 
A NUMBER OF SIMILAR STEAM-TURBINE 
STAGES WORKING IN SERIES. 


By E. BUCKINGHAM, ASSOCIATE. 





I. STATEMENT OF THE PROBLEM, 


Let us consider two impulse stages working in series be- 
tween a fixed initial steam state Z, ¢, anda fixed back pressure 
py The stages shall have the same efficiency curve when the 
efficiency is plotted in terms of the ratio of r.p.m. to steam speed 
S,asabscissa. If the pitch diameters are the same we may use 
the blade speed xu instead of the r.p.m. and let the curve be 


plotted in the usual way with the efficiency e against — By 


the efficiency of a stage is meant here the net work delivered 
to the shaft inside the bearings, per pound of steam, divided 
by the work value of the isentropic heat-drop available in 
the stage from the initial steam state to the final pressure. 
Windage, bushing leakage, and unused carry-over, but not 
bearing friction, are included in the wasted fraction (1 — e) 
which goes into reheat. 

If the admission arc to the first stage is kept constant while 
that to the second is variable by cut-off valves, the intermediate 
pressure ~, may be so adjusted as to divide the load in any 
way we please between the two stages. We will consider the 
question of what division of the load will give us the maxi- 
mum output per pound of steam at a given r.p.in. 

If the total isentropic heat-drop available is such that an 
equal division brings each stage to the top of its efficiency 
curve, then an equal division is evidently the best possible ; 
but if this is not the case, z. ¢., if the turbine, with fixed initial 
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conditions and back . pressure, is running, considerably faster 
or slower than is required for the conditions just,mentioned, 
it is, not at first sight obvious, that an, equal distribution of the 
heat-drop, and therefore of the load, will necessarily give the 
best economy, so that the question is, not altogether without 
interest. @ 





If ABC represents the expansion line on the Mollier dia- 
gram, the reheat in the first stage sets the point 2 off to the 
right and. makes the isentropic, heat-drop 2, which is availa- 
ble for the second stage, greaterthan DZ. Butifthe terminal 
pressures #, and Z, are not far apart, as when the two stages 
are elements in a multistage tutbine, the isopiestics Bas A, and 
ps will be so nearly parallel that this effect of, varying effi- 
ciency and reheat in the first stage on the isentropic drop 
availablé for: the second will be negligible; arid’ we may con- 
sider the two stages together as working on a per constant 
total drop Cc by AZ.’ 


‘2. EXPRESSION ote THE OUTPUT. 


To start with, let 4, be.so adjusted by the second-stage cut- 
off that the same.isentropic. drop //,, is avilable for each stage. 
Let S; be the theoretical steam _— emasenees to H, so 
that 


Sar age (1) 
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“Now let J, be'Varied by changing the cut-off. ' The isentropic 
heat-drops H, and’ 7, available in'the two stages will now be 
different, ‘but'their sum will! temain sensibly « ‘constant and” we 
shall have 


Hi 2a 80 oO econo (a 


so that the theoretical steam speeds S, and S, must satisfy the 
equation 


83 48a aS? (3) 


If e, and e, are the Miriwitas of the two stages and W the 
whole output per pound of steam, we have 


Wa 6 + ee, | (4) 


- Our problem is now to find how W depends on 5S, and S,, and 
to solve it we must have e, and e, expressed in terms of the 
steam speeds. 


. 3 THE EEFICIENCY CURVE. 


"The etsicbitiey of an ideal‘impulse stage vomiptitea froma 
velocity diagram with no losses except the carry-over, would 


give a parabola when plotted against > Experiment also 


shows that the actual curve is nearly a parabola, unless 7 5 
is. very far from the value which makes ¢ a maximum. 


.. There are various evident reasons why the curve cannot be 
enkctiy a parabola and why there is, in fact, no single curve 


exf (2) for a given stage. In the first place, if the isen- 


tropic heat-drop, and therefore .S, is left constant while the 
rate of ‘revolution andthe blade speed change, the windage 
loss: ‘increases. as some higher power of x than’ the first. 
Hetice; even if the ‘efficiency curve can be represerited suffi- 
ciently well by a parabola with vertical axis for blade speeds 
up to that which gives the maximum efficiency, the curve 
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beyond this point will fall faster than the parabola, on account 
of the rapid increase of the windage. 

As a second supposition, let . remain constant, but let both 
wu and \S be increased by speeding up the turbine and increas- 
ing the pressure drop. The losses in both nozzlesand blades 
depend on the absolute value of the steam speed, so that a 
constant value of . cannot possibly mean an exactly constant 
efficiency. Furthermore, when we increase S in the same 
ratio as #, so as to keep _ constant, it makes a difference 


whether we do it by increasing the initial pressure or by de- 
creasing the back pressure; for the back pressure affects the 
windage loss, while the initial pressure does not. 

Nevertheless, if the stage is working under conditions 
which are not very different from those under which the effi- 
ciency curve was determined, it is sufficiently exact, for prac- 
tical purposes, to use a single efficiency curve and represent 
it by the equation of a parabola. 


4. THE BEST DIVISION OF LOAD WHEN THE EFFICIENCY 
CURVE IS A PARABOLA. 
u 
Let the vertex of the parabola be at a oo 6, so that 


its equation may be written 


K(%—a) =o—«, (5) 


K being the constant which determines the size of the parab- 
ola. We then have for the two stages, working on different 
heat drops, which give the theoretical steam speeds .S, and..S,, 


g=b—K(E—a) | 


: (6) 
q=b—K(~—a) 
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By plotting the efficiency in terms of < and setting w the 
same for both stages, we are evidently assuming a constant 


pitch diameter, but if the stages are so designed as to have 
different pitch diameters but the same efficiency curve in 


terms of ce, all the: relations will come out as they do 


here. The case here assumed is a very common one. 
If we now insert the values of e from (6) in equation (4) 
we get, after a little rearrangement, 


W= . [@ — Ka®) (S? + S}) — 2K + 2Kua (S, + s) |) 


in which all the terms but the last are constant, (.S,’ + .S,*) 
being constant by equation (3). 


To make the output, W,a maximum we must therefore 
have 


a(S; 4+ S) =oor aS, — as\. (8) 
But by equation (3) 
d(S? + 53) =0 or dS, = — a5, (9) 


so that the maximum condition (8) can be satisfied only when 
S, = S,, and the intermediate pressure Z, is set so as to give 
each stage one-half of the whole isentropic heat-drop availa- 
ble. The most advantageous setting of the cut-off is therefore 
that which makes the heat-drop, the efficiency, and the load 
the same for both stages. 

Though this result is not at all surprising, it is nevertheless, 
not self-evident. It might very well seem possible, for ex- 
ample, that with the turbine running above its most econom- 
ical speed, z. é., working on too small a heat-drop for the 
given r.p.m, it would be advantageous to throw most of the 
heat-drop on one stage and sacrifice the efficiency of the other 
stage for the sake of the one. The above reasoning shows 
that this will never be the case if both stages have the same 
parabolic efficiency curve. 


To make the heat-drops equal, the second-stage cut-off 
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must be set so as to make a slightly greater than a For, 
2 1 


whereas with an ideal gas—and very approximately with air 
—the jet. speed depends only on the pressure ratio, the rela- 
tion is less simple for wet steam. The isentropic heat-drop, 
Hi, available between any two pressures along a given isen- 


tropic line may be represented roughly by an equation of the 
form 


H,, = A log bs + B(p, — p2); (10) 


or fairly closely by one of the form 


Hiya = Clog§' (1 + Dog p,p))- (11) 


Either of these equations shows that at high absolute values 
of the pressures a given pressure ratio causes a larger heat- 
drop, and therefore a larger theoretical steam speed than the 
same pressure ratio taken lower down on the diagram. 


5. EXTENSION TO A SERIES OF SIMILAR STAGES. 


Let us now consider a considerable number of stages, 

working in series, and all similar, to the extent of having the 
; j ; t.p.m. 

same efficiency curve when e is plotted against Pe, or 

against wif the pitch diameters are all the same. We also 


suppose, as before, that this curve, in the part used, is sen- 
sibly a parabola. Intermediate cut-off valves are to be fitted 
so that with given terminal pressures the intermediate pres- 
sures may be adjusted at will. 

To start with, let the valves. be set so that the load is un- 
evenly distributed, the isentropic heat-drop available differing 
from stage to stage. Let 4 and & be the two stages—not 
necessarily adjacent—which have the greatest and least heat- 
drops. By a proper readjustment, of the valves on all the 
stages except the first, where the admission area is to be con- 
stant, it will be possible to adjust the heat-drops in A..and B 
to equality while the drops for all the other stages are un- 
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changed. ‘To take a definite case, let 4 be the first stage and 
B the last. If A and B are to be brought to equality of isen- 
tropic drop available, the drop in 4 must be reduced and that 
in B increased, and this requires that all the intermediate 
valves shall be closed a little so as to raise all the pressures 
enough to keep the heat-drop for each stage except 4 and B 
the same as before. The intermediate pressures will not, of 
course, all have to be raised either by the same amount or in 
the same ratio, as is seen by consulting equation (11). 

The equalization of the drops in 4 and B increases their total 
output, for the reasoning of section 4 is not invalidated by the 
presence of the other stages, if their drops all remain un- 
changed. The result of our readjustment of pressures is there- 
fore to increase the total output of the turbine per pound of 
steam, and also to bring the loads on 4 and B nearer to the 
mean load on all the stages. 

If we go on to the two stages which now have the highest 
and lowest heat-drops available, we produce another change 
in the same direction, and by continuing this process of read- 
justment indefinitely, we gradually approach, as a limit, a 
condition where all the stages are equally loaded and. the 
total output per pound of steam isa maximum. 

The foregoing reasoning is valid on the supposition that 
the initial and final isopiestics on the Mollier diagram are 
sensibly parallel, for we have agreed to disregard such small 
errors as are involved in using a single efficiency curve under 
all the running conditions met with in the course of the 
problem. In reality, on account of the fan-shaped arrange- 
ment of the isopiestics, a given amount of dissipation and con- 
sequent reheat is less wasteful at high than at low tempera- 
tures and pressures, and therefore in the- earlier than in the 
later stages of the series. In the case of only two stages, 
therefore, the maximum output will be obtained by making 
the isentropic drop a very little greater in the first than in the 
second ; and with a series of similar stages the very best re- 
sult will require that the heat drops shall not be exactly 
equal but shall decrease very slighly but uniformly as we go 
from the feed to the exhaust end. . 
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U.S. 8. FLORIDA. 
DESCRIPTION AND OFFICIAL TRIALS. 


By HENDERSON‘ B. GREGORY, ASSOCIATE. 


Battleship No. 30, the Florida, is a four-screw Parsons tur- 
bine vessel designed for a speed of 20.75 knots, at 21,825 tons 
displacement and with the main engines developing 28,000 
shaft horsepower. She was built at the Navy Yard, Brook- 
lyn, New York, under an Act of Congress approved May 13, 
1908, authorizing the construction of two first-class battle- 
ships, and which further provided that at least one of the 
vessels be constructed at.a navy yard. The cost, authorized 
by a subsequent Act of Congress approved March 4, 1911, 
was $6,400,000.00 exclusive of armor and armament.: Her 
sister ship is the Utah, built by the New York Shipbuilding 
Co., of Camden, New Jersey. ; 

The Florida was placed in commission on September 15, 
1911, at the Navy Yard, N. Y., and after a:brief sojourn on 
the Atlantic Coast she sailed south, spending the major part 
of the winter breaking-in at Guantanamo, Late in February 
she was ordered north to undergo her. official trials. 

Four trials were required as follows: 

(a) A progressive trial over a measured-mile course for 
standardizing the screws. 

(b) A ‘full-speed trial of four hours’ duration in the open 
sea at the highest speed obtainable, with an average air pres- 
sure in the ash pits not exceeding 2 inches of water and not 
over 185 pounds steam pressure above the atmosphere at the 
M.H.P. turbines. The ‘average speed to be at least 20.75 
knots. 

(c) An endurance and coal-and-water-consumption trial 
of twenty-four hours’ duration in the open sea, at as nearly 
as ‘possible a uniform speed of 19 knots, the average not to 
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fall below that figure. The trial to be conducted as nearly 
as possible under cruising conditions. | 

(d) An endurance and coal-and-water-consumption trial at 
12 knots under similar conditions to the preceding trial. 

The designed water consumption on trials (b), (c) and (d) 
was not to exceed 15, 16.25 and 26 pounds, respectively, per 
hour for main engines and auxiliaries per S.H.P. of the main 
engines. The water and coal on these trials was carefully 
measured. 

The data obtained on the various trials will be. found in 
tabular form following the description of vessel. and ma- 
chinery. 

HULL DIMENSIONS. 
Length between perpendiculars, feet and inches 
on L.W.L., feet and inches 
over all, feet and inches 
Breadth, extreme, at L.W.L., outside of armor, ft. and ins 
molded, feet and inches 
Depth, molded, main deck at side M.S., feet and inches 
Draught to L.W.L., feet and inches 
Displacement corresponding, tons 
Ratio of length to beam 
Displacement per inch at L.W.L: tons of S.W., tons 
Area of midship section, square feet 
L.W.L. plane, square feet 
wetted surface, square feet 
Coefficient of fineness, block 
Length of fireroom space, feet and inches 
engine-room space, feet and inches 


DESCRIPTION OF DECKS, BRIDGES, ETC. 


Masts.—There are two, masts of the cage or. basket type, 
located at frames 49 and 67, on which are located searchlight 
platforms, portions of the wireless telegraphy outfit, signal 
yards, etc. 

Bridges. —There are three bridges: steering platform, flying 
bridge and signal bridge, the latter being the lowest. There 
are no after bridges, 

Forecastle Deck,—This deck extends from the stem,to frame 
51. On its after part is a deck house containing the,admiral’s 
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and captain’s quarters. On its level are skid deck beams, in 
which are stowed all boats except the life boats, which hang 
from davits aft and the two fifty-foot steamers, which stow on 
the main deck. 

Main Deck.—The main deck extends from stem to stern. 
Forward of frame 49 is the wardroom country. Abaft this 
frame, situated amidships, are deck houses containing the 
crew’s galley, officers’ galley, butcher shop, bakery, blacksmith 
shop and foundry and two boat cranes, one on each side at 
frame 63. The crane towers also serve as additional search- 
light platforms. 

Gun Deck.—The gun deck is also continuous and the full 
width of the ship. It has within it forward of the casemate 
the quarters for warrant and for junior officers, the latter 
being on the starboard side. Within the casemates are lo- 
cated the four firemen’s wash rooms, coaling-gear machinery 
‘rooms, and general mess store and issuing rooms. Abaft and 
outside the casements to frame 106 are the laundry and the 
offices of the following: Paymaster, executive officer, engineer, 
and ordnance, sick bay and medical offices, armory ; and on the 
port side, the post office, chief petty officers’ quarters, servants’ 
wash room, ship’s store, ordnance storeroom, general mess 
pantry, printing office and rooms of the chief master-at-arms 
and the sergeant of marines. Abaft frame 106 are the crew’s 
spaces, wash rooms and water closets. 

Berth Deck.—The arrangement of this deck, beginning for- 
ward, is as follows: Paint room, chain lockers, junior and 
warrant officers’ storerooms, general store-issuing room, crew 
space frames 25 to 46. From frames 35 to 46 on the star- 
board side are located mine-defense outfit, ice-machine room, 
paymaster’s issuing room and clothing and small stores; on 
the port side are prisons and detention cells. From frames 
46 to 77, outboard on either side, are the upper coal bunkers ; 
amidships are the uptake spaces, cold-storage compartment, 
ice-machine rooms, evaporator foom, and machine’ shop. 
Abaft frame 95 to frame 122 are crew spaces!’ From frame 
122 to the stern is the lumber ‘and pipe storeroom. 








522 U. S. S. FLORIDA. 


Protective Deck.—This deck extends from frame 19 to 
frame 112 on a level with and forming the berth deck. .. For- 
ward of frame 19 it forms the forward part of the upper 
platform. Aft of frame 112 it slopes down to.a point below 
the water line. The deck is flat elsewhere. 

Upper. Platform Deck.—This deck extends from frames 19 
to 112, except in way of boiler and engine rooms, and on it 
from forward aft are located stores, windlass engine, maga- 
zines, handling rooms, central station, blower rooms and coal 
bunkers. ; 

Lower Platform Deck.—This deck extends from bow to 
stern, except in way of boiler and engine rooms. From 
frames 3 to 11 are the forward: trimming tanks. From frames 
11 to 25 are sails and awnings storeroom and torpedo room 
From frames 25 to 46 are magazines and dynamo rooms. 
From frames 46 to 7114 are the boiler compartments. From 
frames 7114 to 80 are magazines and storerooms. From 
frames 80 to 95 are the engine rooms and storerooms. From 
frames 46 to 7114 on either side, outboard, are the lower coal 
bunkers. From frames 95 aft to 112 are magazines and 
storerooms and the steering-engine room. From 112 aft are 
the sanitary-pump room and the steering-gear rooms. 

Hold.—Between frames 3 and 11 are the forward trim- 
ming tanks; 112 aft are the after trimming tanks; frames 11 
to 19, fresh-water tanks; 19 to 46, dynamo room and store- 


rooms; 46 to 7134, boiler compartments and coal bunkers; 


71% to 80, storerooms; 80 to 95, engine rooms and store- 
rooms; 95 to 112, shaft alleys and storerooms,. 

Double Bottoms.—The double bottoms extend from frames 
11 to 112. In ten of these, under the boiler compartments, is 
carried reserve feed water; under the engine room are ten fuel- 
oil double bottoms. All other double bottoms are dry. : 


BATTERY. 


The main battery consists of ten 12-inch guns arranged in 
pairs, in five turrets on the center \line of the vessel... Turrets 
Nos. 1 and 2 are on the forecastle deck, the latter. being ‘ele- 
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vated so as to fire ahead over the top of the former. Turrets 
Nos. 3, 4 and 5 are located on the main deck abaft of the 
smoke pipes.. Of this group turret No. 3 is elevated and Nos. 
4.and 5 are placed back to back at'a lower level well astern of 
the former. 

A secondary battery of sixteen '5-inch rapid-fire guns for 


torpedo defense is also provided, together with the following 
smaller guns: 


4 3-pdr. saluting guns ; 

2 1-pdr. semi-automatic guns for boats; 

2.0:30-inch machine guns for boats; 

2 3-inch field pieces. 

There are also two 21-inch submarine torpedo tubes. 


BOATS CARRIED. 


2 50-foot steam cutters ; 

1 40-foot steam cutter ; 

1 40-foot gasoline motor barge for admiral ; 
2 36-foot sailing launches ; 

2 33-foot sailing launches ; 

1 31-foot racing cutter ; 

2 30-foot cutters ; 

2 30-foot whale boats ; 

2 24-foot dinghies ; 

2 14-foot punts. 


ANCHOR WINDLASS. 


The anchor engine is of the horizontal type and manufac- 
tured by the American Ship Windlass Co. It has two vertical 
shafts driven by a worm gearing direct from a worm on the 
crank shaft of the engine. Each shaft'has on its upper end, 
above the forecastle deck, a wildcat, and the arrangement is 
such that the wildcats can be operated together or indepen- 
dently of each other. 

The windlass engine is a double engine, the diameter of 
the cylinders being 16 inches and the’stroke is 16 inches. The 
working’ steam pressure is 150 pounds, ‘but the engine is de- 
signed to stand full ‘boiler pressure. 
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‘STEERING ENGINE AND GEAR. 


The steering-engine room is located.on the starboard side of 
the center line, just-abaft frame 95, access being from the star- 
board engine room. ‘The engine is vertical double, with 17 by 
14-inch cylinders, constructed by the Williamson Bros. Co., 
Philadelphia, Pa., and: is controlled from the steering stands 
in the conning tower, on the upper conning platform and in 
the central station through wire-rope transmission, and also 
by telemotor. 

The engine may also be controlled by a hand wheel in 
steering-engine room and from the hand-steering room. ‘The 
various controls are connected by clutches, so that any one may 
be operated independently of the others. The steering-engine 
shaft is continued aft to the hand-steering room aft of frame 
115, where are located four large wheels for hand steering, 
provided with suitable clutch, so the handwheels may be dis- 
connected when not in use. 

The tiller room is immediately abaft the hand-steering room, 
the main steering gear consists of a right-and-left-handed 
screw on which are two driving nuts direct connected by side 
rods to the crossheads on the rudder stock. The screw is 
operated through gearing by either the steering engine or the 
handwheels, either of which may be disconnected by clutches. 


COALING ENGINES. 


There are two steam-driven coaling engines manufactured 
by the American Ship Windlass Co., located at Frame No. 62 
on gun deck on the port and.starboard sides of the ship. 
These engines are of the vertical type, double cylinder, the 
diameter, of, the cylinders being 9-inch and the, stroke is 9 
inches.. The working pressure is 150 pounds, but these en- 
gines are designed to stand full boiler pressure, and are fitted 
with governor gear to regulate the speed. 

_ From each engine through miter gears a 5-inch shaft runs 
forward (its size there being 3% inches), and to them are 
geared five winch heads, which can be thrown in or out at 
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will by friction clutches. These shafts are cross ‘connected 
by a shaft and miter gearing so that either coaling engine can 
actuate all winch: heads. 


MISCELLANEOUS POWER MACHINERY. 


1 motor-driven clothes-washing machine ; 
1 motor-driven reverse body ironer ; 
1 motor-driven extractor ; 

1 motor-driven combined ironer ; 

1 motor-driven potato peeler ; 

1 motor-driven dough mixer ; 

1 motor-driven meat chopper and grinder; 

1 motor-driven ice-cream freezer ; 

1 motor-driven dish-washing machine ; 

2 motor-driven deck winches, 1 aft and 1 forward; 
2 motor-driven’ fresh-water pumps forward; 

2 motor-driven flushing pumps (salt water) aft; 

2 motor-driven electric cranes, one on each side of the ship 

at frame 62, and fitted with suitable motor operating gear; 

5 motor-driven turret. F. D. blowers; 

2 motor-driven torpedo air compressors ; 

2 motor-driven 5-inch ammunition conveyors ; 

20 turret-training motors ; 

10 turret upper-hoist motors ; 

10 turret lower-hoist motors ; 

10 turret elevating motors ; 

10 turret rammers. 


DESCRIPTION OF THE FIRE MAIN. 


The fire main in the engine and firerooms is a steel, lead- 
lined pipe, running oneach side of the ship, continuously, 
through each: engine room, steam-pipe passage and fireroom, 
under the protéctive deck. Six-inch flooding valves and _pip- 
ing are fitted for all lower inboard:and outboard bunkers, 
which may be operated from firerooms.or from the ammuni- 
tion passages, and from compartments B-100 and B-101, on 
the berth deck. aber. 
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Forward from the firerooms, the fire main continues through 
wing passages on each side to frames 26, where there sis a 
cross connection. A 4-inch branch leads forward on the'star- 
board side to the forward pump room. One “fire and bilge”’ 
pump discharge pipe connects’ to each fire main in each fire- 
room, by means of a.5-inch pipe branching to both sides ; these 
fireroom pumps also connect to the flushing-system, by separate 
valves and pipes in compartment B-100 (ammunition passage), 
at frames 53, 63 and 71. Six-inch valves and pipes connect 
the fire main to both distiller pumps in the engine rooms at 
frame 80, and 6-inch valves and pipes connect the fire main 
to the engine room “fire and bilge’ pumps in both engine 
rooms. 

The following is a list of connections to fire plugs, etc. : 


























Compartment. | Frame. | Size. Remarks. 
inches. 
Relief valve set at 100 pounds. 
14 | To torpedo air compressors. 
Connection to sprinkler system. 
4 Riser to plugs, Nos. 27-44-57-58, and 
forward relief valve. 
4 Riser to plugs 15-29-45-59. 
4. | Riser to plugs 14-28-46-60. 
24 | Hose connections. 
24 || Hose connections. 
6 Forward branches join—cut out. 
6 Forward branches join—cut out. 
4 Cut out, leading forward. 
6 Cross connection—cut out. 
6 Cross connection—cut out. 
24 | Hose connection to 5-inch ammuni- 
tion passage. 
4 Cut out to risers, 
Bi; RUGS)..0-..-ss0s09 50 24 | Cut out to risers. 
B-2 P. and S.............. 61 4 Cut out to risers. 
B-3 P. and §....... hid 71 3% | Cut out to risers. 
R eesecsansdscortestéccsrees 85-90-93 | 6 Flooding. 
Oe eae eee aha ceesep 80-81 5 | To sprinkler, system. 
i. Ae Sipetespucsaaes 85-90-93} 6 | Flooding. 
CAE npc bbb bs bdelobiov'en cocenbh be 88 3% | Cut out. 
oe ee A 88 34 | Cut ont. 
D-53 S.’and P...........:] 1fo-111 | 6 After branches joined —cut out. 
Sprinkler system, 
Wiring passage, D-59..|' 108 5 Riser to flushing system. 
Wiring passage, D+52,.) 103 24° | Cut out to riser. 
Wiring passage, D-60.., 108 24. | Cut out to riser. 
Degg Ate 38 Becsesoecbesas 11t | 34 |'To hose connections in steering-gear 
compartment D-35, . . 
PEREL csi -sicbapvexsusatas s| 107-180 | 4 | Relief valve, lift 100 pounds. 
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Aft the fire mains run outboard and aft through wiring and 
wing passages, and join amidships, between frames: 110 and 
111, with a hose-connection branch leading aft to steering- 
gear compartment, D-35, frame 115. 

A 5-inch valve and pipe connects fire main with flushing sys- 
tem at frame 46, berth deck, port, compartment A-110. Star- 
board and port engine room “ fire and bilge’ pumps connect 
with flushing system at frame 80, compartment B-100; There 
is a branch to fuel-oil filling pipe on the gun deck at frames 
80 and 81, 

Fire-main relief valves are fitted between frames Nos. 107 
and 108 berth deck, D-111 starboard, and at frame No. 14, in 
compartment A-100. They are set at 100 pounds, and their 
discharges lead overboard via scuppers. 


SANITARY AND FI,USHING SYSTEM, 


The flushing system forward consists of a 5-inch steel, lead- 
ned pipe between frames No. 46 and 81, in compartments 
B-100 and C-100, forward of frame No. 46, reduced to 3 
inches; a branch leads to forward ice machine, wardroom, 
junior officers’ and warrant officers’ bath room. Branches 
lead to cabin bath rooms, to chief petty officers’ and firemen’s 
wash rooms, galleys, bakery, ash chutes, dish-washing room, 
sick-bay baths, laundry and fuel-oil filling line. This system 
is supplied by four engine-room fire and bilge pumps and the 
three fireroom fire and bilge pumps. <A 5-inch by-pass valve 
from fire main connects with this system at frame No. 46. 

The flushing system aft consists of two electrically-driven 
centrifugal pumps located in compartment. D-34, with a 5-inch 
discharge pipe leading up to crew’s toilet and wash rooms on 
gun deck between frames No. 117 and 127. A 5-inch by- 
pass valve from fire main connects with this system at frame 
No. 108, compartment D-113. 

Salt water for admiral’s, captain’s, chief of staff's and execu- 
tive officer’s baths: valves located at frame 49, compartment 
B-100 (ammunition passage): Salt water for crew’s galley 
turns on at frame 68, compartment B-100;. Salt water for 
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firemen’s wash rooms is taken from the flushing system, be- 
tween frames'60 and 61, in compartment B-100; its valve being 
fitted on gun deck. Branches lead to officers’ galley, bakery, 
and portable ash chutes. 


FRESH—WATER SYSTEM. 


From distiller pumps the fresh water is discharged into 
fresh-water tanks A-3, 4, 5 and 6 in forward hold, or may be 
discharged into laundry, chief petty officers’ or firemen’s wash 
rooms or overboard. From fresh-water tanks A-3, 4, 5 and 
6 the water is pumped to gravity tanks located abaft and 
higher than the admiral’s cabin at frames Nos: 44 and 45, by 
means of two electric-driven pumps placed in compartment 
A-46. From gravity tanks water flows to all officers’ bath 
rooms, pantries, galleys, bakery, chief petty officers’ and fire- 
men’s and servants’ wash rooms, general mess pantry, laun- 
dry, sick bay, baths, battle dressing stations, and crew’s wash 
rooms. In case the gravity tank is out of order all parts of 
ship supplied by it may be supplied by one electric pump from 
compartment A-46. The chief petty officers’, firemen’s and 
servants’ wash rooms and laundry are fitted with storage tanks 
from which they take their supply. Other places are supplied 
directly from the fresh-water main or branches. For filling 
ship’s tanks or reserve-feed tanks from water boats, etc., with 
fresh water, filling pipes are installed at frames Nos. 25 and 
26, and 58 and 59. Each is fitted with by-pass to fresh-water 
main. 

DRAINAGE SYSTEM, 


The following is a general description of the drainage sys- 
tem, the features covered being as follows: 
1. 15%-inch main drain. 
51-inch secondary drain. 
. 45%-inch double-bottom drain. 
4Y4-inch forward bilge drain. 
454-inch after bilge drain. 
. 5-inch independent drain fireroom (Bu. of S. E.). 
. 5-inch independent drain engine rooms (Bu. of S. E.). 
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Main Drain.—It is 15% inches in diameter throughout its 
entire length and is located on the starboard ‘side outboard. 
It extends from the after end of the forward fireroom to the 
forward end of the engine room, where.it branches and runs 
athwarthships, each branch connecting to a centrifugal. pump. 

A 15¥%-inch stop-check valve is located in each fire and en- 

gine room, forming part of the main system, and all are 
operated either at the valves or on the berth deck through deck 
plates. 
In the port and starboard engine rooms at frame 84, there 
are 5-inch connections between the main drain and C. & R. 
manifolds, located at frames 83-84. ‘These manifolds are 
connected to the fire and bilge pumps in the fire and engine 
rooms. 

Secondary Drain.—It is 5Y% inches in diameter throughout 
its entire length, frames 48-92, and has connections to all fire 
and bilge pumps through C. & R. and S. E. manifolds; also to 
handy-billy-pump manifolds, located on upper platform deck, 
forward at frame 46 and aft at frame 95. The forward con- 
nection is made directly to the secondary drain and the. after 
connection is made through the after bilge suction located 
in the starboard engine room at frame 93. 

The forward end of the secondary drain connects to the 
4Y4-inch forward-bilge drain, located in forward fireroom, 
frame 50-51, and at the after end to the after bilge suction 
at frame 92. 

There is a 514-inch connection from the bilge wells in each 
fire and engine room to the secondary drain. 

Double-Bottom Drain.—It is on the port side of the fire- 
rooms, between frames 46 and 71, and is divided into three 
sections, each being 454 inches in diameter where suctions 
to independent double bottoms are 3 inches in diameter. It 
drains twelve double bottoms and has a connection to one C. & 
R. manifold in each fireroom. 

The double-bottom compartments are flooded through S. E. 
manifolds connected to C. & R. manifolds by operating their 
respective stop-check lift valves. 
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Oil Double Bottoms.—The double bottoms for oil-fuel stow- 
age are under the engine rooms and have independent suctions 
to the two oil-fuel pumps, one in each engine room. 

Forward-Bilge Drain —It is 414 inches in diameter and 
drains all the double bottoms forward of frame 41 and com- 
partment A-11. The latter is the drainage tank for chain 
lockers, handling rooms, forward torpedo room and Nos. 1 
and 2 turrets. This drain ends at frame 19 in a manifold, 
from which suctions are led to the forward compartments and 
the trimming tanks. 

After-Bilge Drain.—The 45%-inch after-bilge drain connects 
with the secondary drain, at frame 91, in starboard engine 
room, draining the “ D’’ compartments and the after trimming 
tanks, where it is 3 inches in diameter. 

Independent Drains——These drains come under the cog- 
nizance of Bureau of Steam Engineering. In each fireroom 
they are 4% inches in diameter and run from the bilge wells 
to the fire and bilge pumps. 

The independent drains in each engine room are 5 inches 
in diameter. They drain the bilge-wells in shaft ‘alleys and 
engine rooms. The drains in the shaft alleys connect to S. E. 
manifolds, in port and starboard shaft alleys, frames 96, and 
from there have a direct connection to fire and bilge pumps in 
the engine rooms. 

C. & R. Manifolds.—Drainage System. 


Location, frame. Port or starboard. Compartment. 
19 Port. A-8 
52 CL: B-1 
57 C.L. B-2 
68 C.L. B-3 
84 Starboard. C-1 
84 Port. C-2 
46 Starboard. A-64 S&S. 


95 Starboard. D-38 
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TRIMMING TANKS. 


There are four trimming tanks, two forward and two aft. 

The forward tanks are flooded by a 6-inch sea connection at 
frame 11, starboard side. A 4-inch pipe is led to each trim- 
ming tank, where a 4-inch globe valve is operated’at the valve 
and on the berth deck in deck plates, frame 11. 

The after tanks are flooded by a 6-itich sea connection, frame 
112, starboard side; a 4-inch pipe is led to each trimming 
tank, where a 4-inch globe valve is operated at the valve and 
on the berth deck, in deck plates, frame 112. 


Capacities of Double-Bottom Compariments. 





Frames. Side. Cubic feet.|Tons F.W.|Tons S.W. 





TI-15 
15-19 
19-25 
25-31 
31-35 
35-41 
41-46 
41-46 
46-50 
46-50 
50-55 
5°-55 
55°59 
55-59 
59-63 
59-63 
46-50 
46-50 
50-55 
59-55 


1,594.8 
1,856.1 


31373- 


44.5 
51.8 
94.1 
82.3 
59.6 
94.4 
52.5 
52.5 
19.2 
19.2 
25.8 
25.8 
20 

20 

20 

20 

26.2 
26.2 
35-9 
35-9 


45.83 
53-35 
96.91 
84.73 
61.38 
97-21 
54-07 
54-07 
19.78 
19.78 
26.57 


26.57 
20.6 


20.6 


Between wings 
Between wings 
Between wings........ 
Center to port wing.. 
Center to stbd wing. 


716.8 
1,182.5 
1,182.5 
1,571 
1,571 


Starboard 
Port win 
Starboard wing 
Port win 
Starboard wing 
B-72 55°59 | Port wing..........0.| 1,351.6 31.1 
B-73 55-59 Starboard wing 1,351.6 31.1 
(Wing double bottoms B-68 to B-73, inclusive, cam be filled only to upper 
manhole—completely filled they hold 51 tons more of salt water. ) 


B-71 





D-97 95-100 
D-98 100-105 
D-99 105-110 








Port and starboard.. 
Port and starboard.. 
Port and starboard.. 


2,326 
2,161 
3,207.5 





64.9 
60.3 
89.5 


Capacities of Trimming Tanks. 


A-I 
A-2 
D-8 
D-9 


Stern-6 
6-11 
112-118 
118-stern 


Side forepeak......... 
Side forepeak 
Forward after TT... 
After TT 


3,512.5 
55533 


3,369.7 
1,110.1 


98.06 
154.4 

94.18 

31.07 





66.82 
62.11 
92.18 


Tor 
$9 
97 
32 


(Note.—Fresh water, 34,8 cu. ft, to ton ; salt water, 33.79 cu. ft. to ton. 


35 
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Capacities of Reserve Feed-Water Tanks. 
































Compt. | Frames. | Side. Cubic feet./Tons F.W./Tons S.W. 
B-88 46-50 | POrt sasisd...coybs S454°07 Re 874.5 24.4 25.13 
B-89 46-50 | Starboard .............. 874.5 24.4 25.13 
B-90 50-55 19 eS ee Tere Pre v..| 1,093.1 30.5 31.42 
B-91 50-55 1,093.1 30.5 31.42 
B-g2 55-59 874.5 24.4 25.13 
B-93 55°59 874.5 24.4 25.13 
B-94 59-63 874.5 24.4 25.13 
B-95 59-63 | 874.5 24.4 25.13 
B-96 63-67 | Starboard .............. 1,663 46.4 47.79 
B-97 Be TONE lets 1,663 46.4 | 47.79 

Capacity o Fresh-Water Tanks. 
Capacity. 

Tank No. eo y og Location. Side. Bree eee as 

eet : Gallons. Tons. 

A-3 A 11-15 | Hold.....,....| Starboard....| 6,103 22.7 
A-4 A 11-15 | Hold.......... OEE i shionase 6,103 22.7 
A-5 A 15-19 | Hold.......... Starboard 6,103, 22.7 
A-6 A 15-19 | Hold.......... POEL ficsss.0 ice 6,103 22.7 

Gravity Tanks. 

No. 1 Ke os | Main{deck. Starboard. 1,000 | 3.7 
No. 2 &. oh | Main deck. | Port .......... 1,000 3.7 
otal |..4<c5.t0..00.]..d0s) Sivsdeces |.sbabseopdgecwass | cccecosseossesoe .| 26, 412 | 98.2 

















DECK DRAINS. 


For sanitary purposes all drains from baths, toilets, wash 
rooms, pantries and galleys drain overboard directly through 
pipes by the shortest route, and are located as follows: 








Name and use. Frame. | Side. Drain, | Scupper. 
| 
| 
Ward room and warrant officers’ oe inches. | inches. 
baths and toilets. ...................0065 II-12 ist Satsdested 5 9 X 3t 
Junior officers’ baths and toilets......). 11-12 susie. 5 9 X 34 
Ward room, junior officers’ and 

warrant officers’ pantries...:........ 22-23 | Port........... 2 9X 3+ 
Admiral’s and captain’s baths and 

FIA ENIER 15555 os cash «000shanee op hp s geese shy 47-48 | Port.......... 4 9 X 34 
Firemen’s wash rooms .....,...60...000+ 56-57 | Std. & port.} 2$ 9X 34 
Officers’ galley and bakery............ 56-57 | Std. & port.| 2 9 X34 
Crew’s galley... ......cieosecivoeaprorsacaroe 64-65 | Std. & port.| 2 9 X 34 
Firemen’s wash room .........seeeeeee- 64-65 | Std. & port.) 24 9 X 34 
Chief petty officers and_ servants’ 

WARE TOG coo cisgesdesccsqngerens sbucas 94 | Port........... 2 9 X 34 
General mess, pantry .......00..cs0eceeeee go | Pogt ..,........ 2 9X 34 
PAGER sais tntespaesdoacsscasatgeneg susiees 75-76 | Starboard... 2 9 X 34 
CRY scat siceicsnsaeoesdeee possesses 103 | Starboard... 4 9 X 34 
Crew’s wash rooms and toilets........ 120-121 | Port & std...) 5 9 X 34 
Crew’s wash rooms and toilets........ 123 | Port & std...) 54 9X 3t 
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MAGAZINE FLOODING AND SPRINKLING. 


There are three flooding systems for the three groups of 
magazines, forward, middle and after. Each system floods 
the magazines of its group on the lower platform deck, while 
the upper platform magazines are flooded or sprinkled by 
water from the fire main. 

The forward and after systems are each composed of two 
separate. systems, port and starboard, each of which is sup- 
plied by 8-inch sea connections, frame 31, forward, and frame 
105, aft. 

The middle system has its 9-inch sea connection between 
frames 72—73 and floods the middle group of magazines. 

These flooding systems run above the lower platform beams 
forward, and below them for the middle and after groups, 
and branch pipes, are led up through the decks to valves in 
magazine spaces. 

Adjacent to the sea connections are globe valves operated 
at the valves on the berth deck in deck plates. 

Upper-Platform Systems——These are connected to the fire 
main as described thereunder, and in other particulars: have 
the characteristics of the normal flooding system: All maga- 
zine-flood valves are gate valves operated on the berth deck in 
deck ‘plates. 

Sprinkling Systems.—A sprinkling system is fitted in all 
magazines and shell rooms and consists in the magazines of 
2'%4-inch brass pipe perforated on the under side, so that each 
powder tank can be sprinkled, and is fitted with cut-out valves 
in each magazine. The latter are operated at valve and on 
the berth deck in deck plates. This system is connected with 
the fire system which serves the flooding system on the upper 
platform. 

MAGAZINE COOLING. 


For all the powder magazines except those containing salut- 
ing powder and small-arms ammunition, provision is made for 
supplying artificially,cooled air.’ There are three. systems 
supplying, respectively, the forward, the middle and the after 
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group of magazines, each system being supplied by its own 
ventilating blower ; the two forward blowers having a capacity 
of 2,500 cubic feet per minute and the middle 1,600 feet. 
_, The method of cooling the air is as follows: Compressed 
air is led from the Allen dense-air ice machines to a Schutte- 
Koerting corrugated-film air cooler, where, on expanding, heat 
is extracted from the incoming air on its way to the magazines 
from the ventilating blowers. 

Forward and aft the coolers are of three units and amid- 
ships of two units. 
_ The magazines are lagged where necessary to prevent the 
conduction of heat. | 

The cooling capacity per unit is 800 cubic feet of air per 
minute from 70 degrees to 50 degrees F., when the dense air 
enters the cooler at 50 degrees F. and leaves at 30 degrees F. 
with sea water at 70 degrees F. 


REFRIGERATING PLANT. 


There are four Allen dense-air ice machines, each capable 
of producing the cooling effect of three tons of ice per day. 

One ice machine is located forward, primarily for cooling 
the forward magazines, but. can be used on the cold-storage 
system if desired. The other ice machines are located just aft 
of the engine-room hatches, one on the starboardiand two on 
the port sides, and are fitted for cold-storage service; ice mak- 
ing, ete., and for the midship and after magazines cooling sys- 
tems. 

There are five refrigerating rooms, isolated by air locks and 
insulated with cork in the usual manner. 


VENTILATING SYSTEM. 


Artificial ventilation has been provided where necessary for 
all quarters, living spaces, passages, storerooms, and maga- 
zines. There are thirty-two ventilating motors and fans, each 
on its own circuit. In general the supply of air is on the 
plenum system to the different compartments, the air being 
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renewed at a. previously determined rate according to. the re- 
quirements. . The toilet: spaces are ventilated on the exhaust 
system, The; ventilating fans; are. manufactured by the 
American Blower Co., Detroit, Mich,, and the’ motors by the 
Diehl Mfg. Co., Elizabethport, N. J’. They are located as 
shown in the following table. 





























Compartment. } 
No.| = Deck.| Side. | Frame. Remarks, 
| No. Name. 
1 |A-118 | Lamp room.........0. Main..| P. ame rhs isk, Wet 
2 |/'..° | Turret No. 12... as ee ... | On upper handling- 
: room level. ;; 
3 jas Turret No. 2........00+ oe ine Do. 
4° }Bsrr6 |) folie P. 44 nda s 
5 |B-116 | Crew space ............ Ss. BBO OP Ae ae 
6 |B-116 | Crew space ............ Ss. + ak Beane = 
7 \B-116' | Crew space .......,.46. P. 58-60 | | haeane 
8 |B-116 | Crew space............ ¥. OS og a ree 
g |C-113 | Crew space ............ Ss. PVE O19 
Io \C-113 | Crew space .... P, 1 AS Sage Fe 
11 |C-113 | Crew space ....0...... Ss. 78 sectce 
12 |, see, | Turret NO. 3......s000 ‘44 ida sig Do. 
13 \C-113 | Crew space ........066 Gun... S. 79. | Magazine cooler, 
14 |\C-113.} Skylight trunk ...... Gun...) A. OP! Flot! «Rake 
15 |. wo | Turret No. 4..,,.-0004¢ me 122 +, | Upper H. R. level 
16 |D-10g | Crew space ........... Berth.) P. TOG 0) OT eee dad 
17 |} «| :| Turret No. 5....... beech 240 446 ct Do. 
18 |A-104 | General stores ........ Berth.| P. WOR phases 
19 |A-108'| Crew space ........... Berth.} S. 35 | Magazine cooler: 
20; |A-108 | Crew space ......isese Berth.) P. Be Nes sts saady . 
at |A-110 | Crew SPACE ....e.00 aoe Berth.) S. BpeMG ees ieee 
22, |C-100 | Crew space:.......cs. Berth.) | P. Sapetestishy Vildest ‘ 
23 |C-10o0 | Crew space ........ .--.|Berth.| S. lt eee 
24 |D-109 | Crew space ........eees A BOF OF Lal 
25, \D-1og | Crew space... Ss. 102 Do, 
26 |D-109 | Crew space ............ S. sO) Boag ie tf 
27 |D-113 | Crew space ........00« vw] oS. TAG | Sy Sede 
28 |D-112 | Lumber and stores..|Berth.| S. a aa ae 
29 |C-43 | Blower room........... U.P.) S. 5s pel Savers ERA 
30 \C-44 Blower room........... U.P. bile 83 ht Khotiiseme 
31 |C-43 | Blower room........... U.P.| S. Sah Y it. Shy 
32 |C-44 | Blower room.......4..| UsP. |) BP: 84 | ab 





























The air as supplied by these fans, running at their maximum 
speed, is: designed for a pressure of from 6 to 11 pounds to 
the square foot and velocity of from 1,200 to 2,000. feet per 
minute, depending on the designed-capdacity,and the purpose 
for which the compartment: is; used; 

None of' the principal, longitudinal or transverse: watertight 
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bulkheads of the ship have been pierced by the main ducts. 
Where branches pass through the protective deck they are 
made watertight to a point just below the gun deck. All 
branches passing through magazines are galvanized-steel 
seamless tubing, or built of heavy-gage steel worked water- 
tight. A natural-exhaust duct, exceeding the area of the me- 
chanical-supply duct, has been provided for each magazine 
not refrigerated, and located as far as practicable from the 
supply duct. The upper ends of these ducts are carried up 
close to the gun deck and terminate there with a gooseneck, 
the. lower end of which is bell mouthed and covered with wire 
mesh. 

McCrary adjustable elbows, fitted with butterfly dampers, 
have been used for. supply terminals in all quarters, living 
spaces and elsewhere. In the quarters they are nickel plated 
and elsewhere galvanized. All openings of these elbows are 
fitted with portable wire mesh. 

There are adjustable mushroom cowls which fit in the deck 
and serve as inlets for the various blowers. Two forward and 
one aft are the only ones fitted to unship at “ general quarters.” 

The ventilation of the bunkers is exhaust only, and that not 
forced. , Galvanized-steel tubing leads from all bunkers into 
the uptake air spaces and are fitted with inswinging airtight 
doors of the damper type; all openings into the bunkers are 
fitted with wire mesh. 

For ventilating the engine rooms there are two blowers, port 
and starboard. Branches are led from the mains to all work- 
ing stations, platforms, air casings and corners of the rooms 
where required for ventilation. 

Sheathing.—To retard transmission of heat to adjacent 
magazines and ammunition passages the pipe passages, fire- 
rooms, steering-engine room, engine rooms and coal-bunker 
bulkheads separating the former from the five latter are lagged 
or sheathed. 

From the forward: lower coal-bunker bulkheads | exhaust 
piping leads to the air casing under the protective deck-in the 
forward fireroom, whose air in turn exhausts to sheathing in 
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the fireroom hatch, and from there to the atmosphere. ‘The 
heated air from the casing under the protective deck of the 
other two firerooms exhausts similarly, as does the sheathed 
after athwartship bulkhead of the after fireroom. 

The under sides of the protective deck, within the fire and 
the engine rooms, have been fitted with sheathing, with an air 
space. This space within the engine rooms is connected with 
the ventilating system for supply, and to the engine hatches 
for exhaust. In the firerooms this space is similarly ven- 
tilated, the exhaust escaping via uptake air space near the top. 

Heated Air.—A new departure in connection with the ven- 
tilation of the living quarters is the installation of steam-heat- 
ing coils in the air-supply pipes. These heating coils in cold 
weather will raise the temperature of the incoming new air. 


HEATING SYSTEM. 


The heating system is divided into two sections, one forward 
and one aft. The forward section is divided into six circuits, 
one of which is for galley, bakery and firemen’s washrooms ; 
two are for bath and pantry circuits, one for radiator circuit 
in admiral’s and captain’s quarters, and two for heater or 
thermo tanks located on berth and gun decks. 

The after section is divided into six circuits consisting of 
one radiator, one washroom and sick-bay bath, and four ther- 
mo-tank circuits. 

All steam lines to heating systems are fitted with pressure 
gages, stop and relief valves, set at 30 pounds; from stop 
valves the steam is carried to distributing manifolds and. di- 
vided into circuits, each circuit being arranged with a stop 
valve so that it can be operated independently of the others, 

There being no auxiliary steam line in firerooms, all the for- 
ward circuits receive their steam from the main steam line 
direct. The gravity-tank heater coils receive steam from the 
forward circuit. Steam for the laundry is taken from the 
after circuits. 

The drains from radiators and thermo tanks are also divided 
into circuits and lead to receiving mahifolds, located forward 
and aft, each circuit being arranged with check and stop valves 











538 U.S, S. FLORIDA. 


to prevent water from one cifcuit backing up into another. 
The discharge from these manifolds leads to a steam trap in 
the port engine room, which discharges into the iter tank, or 
to main and auxiliary condensers. 

The drains from galleys and pantries also lead to traps in 
port engine room, discharging into filter tanks and the conden- 
sers; The drains from bath rooms and other water heaters 
have no connection with radiator drains but go direct to aux- 
iliary exhaust lines in Nos. 1 and 2 firerooms and in both en- 
gine rooms: 

The heater-circuit steam and drain pipes consist of seamless- 
drawn brass pipe, iron-pipe size; all pipes up to 1% inches be- 
ing connected together by composition fittings, but above that 
size composition flanges are used. Connections at watertight 
bulkheads are made with composition stuffing boxes, and cop- 
per U bends are installed throughout to provide for expansion. 

The radiators consist of coils made up of 1-inch seamless- 
drawn brass pipe, iron-pipe size, composition fittings, stop and 
air valves. 

The number of heater or thermo tanks fitted throughout the 
berth and gun decks are 21, and consist of casting or header 
with 1-inch seamless-drawn brass-pipe coils, varying in num- 
ber from 7 to 22, according to size of box. ‘These boxes are 
of the vertical and horizontal types, and fit between deck 
beams, or in the case of the larger size stand on a frame on the 
gun deck. ‘These boxes are fitted to receive air from ventilat- . 
ing fans and pass it through the steam-filled coils before it 
discharges into living spaces. The coils are insulated with 
block magnesia, covered with No. 16 sheet iron. By arrange- 
ment of dampers the air may be by-passed in warm weather. 
In case of a leak any coil in box can be removed without dis- 
turbing the others. 

MAIN ENGINES. 


The propelling machinery consists of Parsons turbines, de- 
signed to run at 330 revolutions per minute, when developing 
28,000 shaft horsepower. They are arranged on four lines 
of shafting, as shown in sketch, Figure 1. 
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The atrangement provides six ahead and four astern tur- 
bines, each L.P. turbine embodying an astern turbine in the 
after end ofits casing. ‘ 

For, ahead motion the outboard shafts are driven by the 
M.H.P. turbines, and the inboard shafts by the L.P. ahead 
turbines alone, or in combination with the I.P.C. and H.P.C. 
turbines, as described in the following paragraphs. 

Full Speed Ahead.—Only four turbines are used for this 
purpose, steam being admitted to the M.H.P. turbines and ex- 
panded through the L.P. ahead turbines into the condensers. 
Under this condition the astern and cruising turbinés revolve 
idly in a vacuum, which is maintained through the drain con- 
nections. 

High Cruising Speeds.—Five turbines are used at these 
speeds, steam being admitted to the I.P.C. turbine, thence 
through the M.H.P. turbines and the L.P. ahead turbines, ex- 
hausting into the condensers;,the remaining turbines revolving 
idly ina vacuum. 

Low Cruising Speeds.—All six ahead turbines are used for 
this combination, steam being admitted to the H.P.C. turbine 
and expanded successively through the I.P.C. turbine, M.H.P. 
turbines and the L.P. ahead turbines, exhausting into the con- 
densers ; the astern turbines revolving-idly in a vacuum. 

For astern motion all four astern turbines are used. The 
outboard shafts are driven by the H-P. astern turbines and 
the inboard shafts by ‘the L.P. astern turbines, steam being 
admitted to the former. and expanded through the latter into 
the condensers. Under: this condition all the ahead turbines 
revolve idly in a vacuum, 

Self-closing valves are fitted in the receiver pipes between 
the H.P.C. and'I.P.C. turbines, and between the I.P.C. and 
M.H.P. turbines, as shown in Figure 1, to prevent back flow 
of steam when changing from the low to high-speed cruising 
combination, or from high cruising to full-speed conditions. 

The turbines are controlled at the working platform, where 
the regulating valves’ for admitting steam to the different tur- 
bines are located. 








Oe See lL 
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Turbines.—Each turbine is composed of two essential parts, 
first, the fixed part, or cylinder, and second, the moving part, 
or rotor. In the cylinder are mounted the guide blades and 
on the rotor the moving blades. The cylinders are of hard, 
close-grained cast iron, divided into two parts at the axis on a 
horizontal plane, the lower half being provided with feet for 
bolting to the seating. Each rotor is built up of a drum of 
forged steel, securely fastened to a cast-steel wheel at each 
end, that is shrunk on and keyed to the rotor shaft. Great 
care was exercised to assure the rotors being perfectly ‘bal- 
anced when entirely completed, in order to prevent vibration 
when running. 

The blading is in accordance with the Parsons standard 
system. Binding strips, where required, are fastened to the 
blades with silver solder. During the process of caulking the 
blades, they are carefully straightened and the ends chamfered 
off and turned to the required diameters, to give the necessary 
clearances for the various stages. 

The dummy and rotor-shaft glands are steam packed. The 
dummy packing for all ahead turbines consists.of brass rings, 
inserted in the dummy cylinders, with a hook-shaped’ knife 
edge having a clearance of about .02 of an inch, from grooves 
turned in the dummy sleeves; and that for the astern turbines 
consists of straight knife-edged packing rings’ inserted alter- 
nately in the dummy cylinders and sleeves, the clearance being 
the same as for the ahead turbines. The. gland packing is 
similar to the astern dummy packing, the packing rings being 
inserted alternately in the gland Sleeve and rotor shaft and the 
clearance is about .015-of aninch. | 

A micrometer for measuring the.dummy clearances i is nue 
vided at the forward end of each ahead turbine. 

Main Bearings—There is a main bearing at each end of 
each turbine for supporting ‘the rotor: Each consists of a 
pedestal bolted to the turbine casing and fitted with bottom 
brass. and. cap. 

Thrust: Block.—Each turbine, except the H.P. astern, is 
provided with a thrust block at the forward end, cofisisting of 
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a number.of brass rings, in halves, fitted. into. corresponding 
collars,on the shaft,,.. The lower half, of each, bearing is for 
taking the ahead and the upper half the astern, thrust. 

All main, bearings, thrust bearings and line-shaft, bearings 
are fitted with a closed system of forced lubrication, as de- 
scribed, later. 

Governor.—A, Proell governor is fitted to each line of. shaft- 
ing, the governor mechanism operating the main steam stop 
valve in the engine room. 

Turning..Gear.—Each line of shafting has :an electrically- 
operated turning gear, consisting of a 5-horsepower, reversible 
Diehl motor, which engages through gears and worm the 
worm wheel on the main shaft... Provision is also made for 
turning by hand with a ratchet. 

Lifting, Gear.—An efficient, lifting gear, consisting of two 
20-ton Sellers Co, trolleys.on,a.track over each.shaft in wake 
of the.turbines, is provided. .The lifting mechanism is hand- 
operated through chains from the engine-room floor. 


Rotor drums : Main Turbine Data. Diameter “Length. 
Main H.P., inches ...... WIA. RAIA BL SIAIIB AG Hi QI 71 
H.P. cruising, inches.......csssce00. sesece daadeyeup ocguenene si iaosns rie 71 
I.P. cruising, inches...,......... 70 
L.P. ahead, inches....... eiubsteccsesebdaéetedesceatseasspst+<cssscresttene 97 
H.P. astern, itrches...... ......... a bassWessledsbatthewelslisiidcdesbe : 
To Pe-adtern, incheas cj ..cececessacssesegascasesgaceccpneabocs gluse ges 
Number of expansions ; 
Main H.P. and LP. ahead, each 
H.P.C. and I.P.C., each... edd debeabidiwdsiieswocbseocbores 
H.P. astern and LP. ovis: enthi: I spsper cap ident by bys js andes 
Turbine casings, diameter, inches, each expansion ; 
PGA EA oP xiciveccstavessassevsssse saeebeances aabstigaeess eevee 732, 742) 754, 774, 80, 834 
His dseccesy Awash odcede 1074, 1114, 1174, 128, 128, 128 
Wals'ee 0b 69d sdeeleombe ib igelnedd sauindddee ppeddesecbnocccpepoones | (72s 72h; 734 
LPS. hse cobvesarruakaedea Heeeedecaneebeneeabernsneetensensen sees PETES ery 724. 73%, 74% 
FAG BUREN Cocke sosedevaqescsnes ssadapenswencaneosasestssee? oie 72%, 73%, 75, 77 
YP astern.) SUUBUT Bish oo ta PAPALa OS 80, 833; 834, 833 
Length of casing for each supetiden and diameter noted above : 
Main H.P., inches ..2..0se94sseesseeenees ontnepesobarers iat 17, 17}%, 188, 194, 247% 
L.P. ahead, BEACHES ...ccccescecseazaeses sstsesenseereseeeeeee T2H$, 13, 15y°5, 19, 19, 19 
FISP SC, SCG a dbs. i Rhee peaedeckouse sees 184, 184, 25% 
I.P.C., tnehesl Mok geeks Dine gSbLEICACDE bas scbbahieatbed vases olaade’ 29631934, 248 
7D eles i Sa Seaaniny aiiop ven sake 9t, 8%; 82,.9 
L.P. astern, inches......... gf, 1145, 1133, 112§ 
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Rows of blading for each expansion : 
Matit FP. .ccccscccsscses dia adcvenednaceansadsasdavsaas aghabepedansuasebeuacnelacntaduidates ss 13 
L.P. ahead.........000 Mbpetd Beil cco xiczanaanesscdadestictactancesindes cicadas 3 of 7, 3 of 6 
H.P.C bed déscdteee acbnccddshes fos Gabtcesled abe Disab bipbsdsad edb dds id ddde «Biledee 20 
TP. Cinccgusscopquqend op anndepechaonpossionys habeas scdspesphapcanstnacpae etbeebsavinel sasaki aun 
EREP 3 (AMheenn bia gas sievatsisensesrperece cankonignbe \basdeptaanes daninckusodensaucin nine culasen 
Lys GROEN ah nies Sissies ico cedkagovcnsnsesqesese Sasacoescssosar ° / 

Length of blades for each expansion, inches : 
Moats Fb, Pisa pipes cepvessdo.aphepse nites Ketdieiatlectmons 14, 14, 24, 345 44, 64 
DP, GORE ssc, case ti ids apts sscosers deaicestesanaee aeaunaee 5k, 72, 10¢, 134, 134, 134 

Ca SiaWash aa £id CRIES Tad Bitins casaveccagonnensasessecessnaee® dearest coctecketaces &, H, 175 

EPG oiisvccccvis cs ccincs cocsecseQebbille.. EUlivdodiaabeeebicekibaceresean pecgcath 1}, 18 24 
Fi Ps QGCCRI Ss sis iicdccteccénctdiccestacses aneansccenenth: Shhevemudqanacasene Sdsviacsdes 4, 14, 2, 3 


L,. P. AStern ...cccecescecesscoccesensbbbbddeks debs INGbb cock ateewda¥atatenspude 44, 64, 64, 64 





Diameter Length overall of rotor 
: Length, Diameter, axial, drim and shaft, 
Rotor shaft and bearings : inches.. inches. _inches. feet and inches. 
PMSF Etc Pes cecsecacszececst aeendincss 18} 14 9 21-07} 
TP GIRERG, sceseteasasronansnnanaanae 29 15 II 25-10} 
BP 53 nats kasimanabbaaeabiaannbabnd 144 14 11 15-02% 
BART iia bai ein ve thth Raney. RA 14 II 16 
FE Ps ORAL Tic ciaaen dishterincddineen,.. 39E 14 9 11-02} 
LP. QStOPM, -reorrorsrececnecaseeccas 29 15 II With ahead. 


; M.H.P., L.P. ahead, H.P.C., I.PiC., 
Thrust bearings: : each. each. each. 


Collars on shaft, number 17 8 8 
Thickness, inch..............6. iri d atn act aatiied of of of 
Distance between, inches.............-.0000 Iys Ips Iy5 
Outside diameter, inches 173 17% 173 
Inside diameter, inches 124 124 12} 
Number of shoes, top...ssessoooreccesneraeesers 16 7 7 
17 8 8 


SHAFTING. 


There are four lines of shafting, a pair port and starboard 
respectively. Each pair is parallel in, itself, but diverges from 
the center line of the vessel and slopes downward aft. 

The outboard shafts are in two sections each, consisting ‘of 
one line shaft supported by a spring bearing and a propeller 
shaft, extending through the stern tube and supported by the 
strut and stern-tube bearings. The inboard shafting is in four 
sections each, there being two line shafts supported by three 
spring bearings, one stern-tube shaft carried by the stern-tube 
‘bearings, and'a propeller shaft supported by one strtit bearing. 

All stern-tube and strut bearings are lined with lignum vitae 
and the shafts are composition bushed ‘at these bearings. ‘The 
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shafting within the stern tube is covered with a composition 
casing. 

The inboard coupling consists of a sleeve secured by four 
keys to the stern-tube shaft. Back of the sleeve isa collar 
made in halves and secured to the sleeve and to the coupling 
disc on the line shaft by fitted bolts. 

The outboard coupling is of the split-sleeve type, consisting 
of two half sleeves secured to each shaft by two keys; the half 
sleeves being secured together by bolts. 


Shatt Data. 
Line shaft, diameter outside, inches............... csecssescoccccsccscecscceecesceeees 12} 
axial hole, inches...:..........cccccnecsedeccvecselesseesssuecee 6 
Stern-tibe shaft, diameter outside, imches...........c.c0ccccscsaesecsscesecesccrees 122 
axial hole, inches ...... A, occ cowerdevervwdevenweses8 6156 PO. roto 6 
Propeller shaft, diameter outside, inches..............000sssecesseseecssceneceeonens 12% 
axial Hole, inOhes ....i.ic.....cvessecssveccssssbecvissavessevevedoct 6 
Couplings, diameter, inches .............:csc00. cesceseesecesseeee sees sesssob dive des 22 
8 thickness, iches...2/.........8A.cccvcsessssiveessossevenes sor ethlvedeGeesbe 3 
Inboard coupling, diameter of sleeve outside, inches ..............esseee serene 224 
inside, inches .. ..........ccceeeceecceeeee 14t 
length of sleeve; inches ......0..05.ccc cess ccssssccsecsoceccctes 12 
thickness of collars, inches..............cccceceseceeeeceeceeee 28 
Coupling bolts, number each coupling ....6............ceccceeee cecescees seeeenseeees 8 
diameter (taper)* at face of coupling, inches............... 28 
Outboard coupling, length of half sleeves, inches................cc..ceeseesseees 48 
bolts securing sleeves, number.............0. ccesessceee eee 16 
diameter, inches................... I$ 
Spring bearings, diameter, inches...................scsccccssscsscssccoscsserseceesces 124 
Ferigth ERC Ow isso. sisi scsedsssssssassicsccsssascsccasceccéss 18 
Forward stern-tube bearings, diameter, inches...... aaets copy hs %ssananaedhaacceate 14% 
length, inches........ ....cccorsssssecesseesecceeess 494 
After stern-tube bearings, diameter, inches..................c.ccseccecceecseeeeeees 148 
length, imches,......c00s....sseeecseeesseeeee see 60 
Strut bearings, diameter, inches ..............sccecescoee cessccebenccccececsscenceeecs 14% 
length, inches ..........0 edasosep Tap UES eveaede scccddkeedag bed Ueviphapes 72 
PROPELLERS. 


There are four three-bladed propellers, all outboard turning 
when going ahead. The blades and hubs are of monel metal 


and cast in one piece. The blades are true screw machined to 
pitch, 


*Parallel bolts for inboard coupling. 
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Propeller Data. 


Diameter of propeller, inches 
hub, inches....5... cccessccsscees covees 
Pitch, inches,..........sesesessseee daddoste > 64 SG idecedobuehh sh} SpRpaceddes 4isbiaddaes Gd 
Ratio of pitch to diameter. 
Area, projected, square inches.........ccce.sssseees pedeachsh pcectheadencaaivenany 5 
helicoidal, square inches 
Gisc, sqrtiare INCHES: ....ccpsesessdecdsseebsisssdbencsdsecsecceceabansicase dhcdes 
Ratio, projected to disc area ......csceu seeseees Gh Shia ee 
heljcoidal to disc area ........... abla daub s ipiistasaden tigre Nsaeaaugaceunce 


MAIN CONDENSING APPARATUS. 


Main Condensers.—There is one. main condenser in the 


aiter end of each engine room, of the following principal di- 
mensions : 


Inside diameter, feet and inches.............ss00é-008 aocess 

Thickness of shell (steel), inch ...........0«6. oh OtVeed «pba Oe Las sein d 

Length between tube sheets, feet and inches........scecsseseesessesseece 

Thickness of tube sheets, inch ....... ueasessxsassieae db bop ew d6pbEeb oe 

Number of tubes 

Diameter of tubes, inch 

Thickness of tubes, B, W. G., NO......csccccssccescnsenctscenccscescnncsea Bh 

Cooling surface, square feet 

Exhaust nozzle, area, square feet.,.............008 Siakpandpenodss sddsadedceaa 

Diameter of air-pump suction, inches .............s000 Manacieacenuadeneees 
augmentter suction, inCheS .............++-seee+ eeneseeres sees 


15 
circulating water inlet and outlet, inches. 


Vacuum Augmenter.—In order to obtain the maximum 
possible vacuum, so essential to efficient, operation of turbine 
machinery, a Parsons vacuum augmenter is, installed for each 
main condenser. The apparatus consists of a small condenser 
of 450 square feet cooling surface placed below and con- 
nected to the bottom of the main condenser by a pipe having a 
conical contracted portion, through which a jet of steam is 
forced. The end of this pipe extends inside the main con- 
denser shell to a height of about 6 inches above the bottom, 
which prevents the water of condensation from entering it. 
The steam jet exhausts most of the air and vapor from the 
condenser and delivers it to the air-pump suction via the aug- 
menter condenser. A water seal is placed in the air-pump 
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suction, between the suction from the augmenter condenser 
and that from the main condenser, which prevents the air and 
vapor thus removed from returning to the main condenser. 
Figure 2 shows a sketch of this apparatus. 

*Main Air Pumps.—An air pump, of the M. T. Davidson, 
vertical, twin, bucket, single-acting type, is provided for each 
main condenser. The steam cylinders are 1734 inches diam- 
eter and the water cylinders 35 inches diameter with a common 
stroke of 21 inches. The suction nozzle is 12 inches and the 
discharge nozzle 10 inches. 

*Main Circulating Pumps and Engines.—There is one cen- 
trifugal circulating pump for each main condenser, driven by 
a compound engine. The principal dimensions of pump and 
engine are as follows: 


Capacity of pump, gallons per minute..........cccssessceesssesecsssseceesesces 15,000 
Diameter of suction nozzle (two), inches. ...........cccsecceees soseeesseesesees 21 
* discharge nozzle, inches..............scccssscecesceeeseeeeeseeseeees 30 
impeller,inches,....ssccsssscsssessssocbecsdececcsocssive sevsesccvsences 51 
H.P. cylinder, inches...... Paivieem eevee ieee eeebbas diel 114 

L.P. cylinder, inches.......0...s..000 Oassasssdicdisesiacies dostvecse 23 

Strokee, inches......ccscesverewsovouveeveveddctesssesbaediwul stccecsss sceccesd sevbensvt 12 


FEED AND FILTER TANK. 


A feed and filter tank of 4,000 gallons capacity is located at 
a high level in the forward inboard corner of each engine 
room. The-filter chamber is in the top of the tank and has a 
capacity of about 700 gallons. The filter has an inner bottom 
of loose perforated plates and is divided into compartments, 
in which is placed the filtering material, by vertical division 
plates. These partitions are so arranged that the water in 
passing through the filter will flow under and over in suc- 
cession. 

AUXILIARY CONDENSER. 


In each engine room there is an M. T. Davidson auxiliary 
condenser of 750 square feet cooling surface, connected 
through the auxiliary exhaust pipe to all the auxiliary machin- 


* See also Table I. 
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ery. Each condenser, has an 8-inch X 10-inch & 12-inch 
X 12-inch horizontal, double acting, ‘single, combined air 
and circulating pump.* 


FEED-WATER HEATER. 


A feed-water heater of the Alberger Condenser Company’s 
triple-flow type, complete with all the necessary fittings, is lo- 
cated in each engine room on the discharge side of the main 
feed pumps. The heating agent is the exhaust steam, a back 
pressure being kept in theauxiliary-exhaust line for this pur- 
pose by means of a spring-relief valve at each condenser con- 
nection, opening toward the condenser. . The principal data of 
each heater is as follows: 


Diameter, inside, inches........ mlieidbeds soccetesSeenate Jen atapnnsab idee pabbhasboances 32 
Length between tube sheets, feet and facta devcasicanbboageoteaee EST a oC) 
Tubes, MUMBSL....0.cie. is. scccisescscsoccesccossconsoes ge deaedesksnacsuducccsce¥essect 749 
size (corrugated copper), itiCh. ..icc.....edseessecceeccccssssesceeeeeees oof 
Heating surface, square feet..............s.ccccrsseses Riaid ss ages cdviescsibecossns goo 
Diameter of feed inlet and outlet, inches........dcccicccescccocesesceeeseseeees 05 
auxiliary-exhaust inlet, inches.........cccccisssscsscceesesseees 08 
GTAURG Sics pcsicsssesaee sugnbbaresdccveveshsemlbidccdsracnstanecteathathanss 034 


*MAIN FEED PUMPS. 


Two M. T. Davidson 14%-inch & 91%4-inch 18-inch 
main feed pumps of the vertical, double-acting, single type, 
are located on the forward bulkhead of the engine room. The 
pumps have suctions from the main feed tanks and discharge 
to the boilers through the feed-water eae or by-passing 
same. 


*RESERVE FEED PUMP. 


A small reserve feed pump is fitted in the port engine room 
for use:in port to pump make-up feed water from. the reserve 
feed tanks into'the main feed tanks. The pump is 4%4-inch 
-5-inch X:-6-inch vertical, double-acting, single type manu- 
factured by the M. T. Davidson Co. 


* See also Table I. 
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*ENGINE-ROOM FIRE AND BILGE PUMPS. 


Two M. T. Davidson 12-inch 10-inch X 18-inch vertical, 
double-acting, single, fire and bilge pumps, are. provided in 
each engine room, , They are arranged to draw, water from 
the bilge, drainage system and sea, and discharge to the fire 
main, sanitary system and overboard. 


*PIPE INSULATOR PUMPS. 


In each engine room is a 6-inch X 8-inch X 8-inch vertical, 
double-acting, single pump of the M. T. Davidson pattern, for 
circulating water around the main steam pipe flanges at bulk- 
heads near magazines to prevent the transmission of heat 
through the ship’s structure to the magazines. 


WATER SERVICE. 


The water service consists of 1%4-inch connections from 
the fire and bilge-pump discharge to the oil-cooler circulating 
water and from the fire main. 

No permanent connections are fitted; conveniently located 
hose connections alone being provided in the engine rooms 
and shaft alleys for the bearings and parts that may require 
cooling. 

There are also connections for flushing the stern-tube bear- 
ings. 

FORCED LUBRICATION. 


An elaborate system of forced lubrication is provided in each 
engine room for the main, thrust ‘and line-shaft bearings and 
the main circulating pump engines. It consists of two oil 
pumps,* two oil coolers, one circulating pump for the oil 
coolers, one 340-gallon oil-drain tank and :the necessary piping 
and fittings. 

The operation is as follows: The oil pumps draw oil from 
the drain tank and deliver it via thé oil coolers to the various 


* See also Table I. 
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parts to be lubricated at.a pressure of about 15 pounds. Ma- 
comb strainers are fitted in both suction and discharge con- 
nections to and from the pumps; and a by-pass is sarranged 
around the oil coolers ‘for emergency use. ’ After the oil has 
passed through the bearings it is caught in troughs formed in 
the bearing bases and drained by gravity back to the drain 
tank, from whence the cycle is repeated. 

Lock cocks are fitted at each oil-inlet to bearings, for regu- 
lating the supply, and’ sight glasses for observing the oil flow 
are fitted in the drain from each bearing. A thermometer is 
also fitted at each sight glass to show the temperature of the 
oil leaving the bearings. 

In addition to the oil-cooler circulating pump provision is 
made for circulating cooling water through the oil coolers by 
one of the fire and bilge pumps in the engine room. 

Oil storage tanks of 1,000 gallons capacity are provided in 
each engine room for replenishing the system, etc. 


BOILERS. 


The boilers, twelve in number, are of the Babcock & Wilcox 
water-tube type, arranged in batteries of four each in, three 
separate watertight compartments. They are designed. to run 
the entire machinery installation at full power, with an aver- 
age air pressure in the ash pits of not more than two. inches 
of water. 

The uptakes are of the usual design, and there are two 
smoke pipes, each about 92 feet in height above jhe grates and 
11 feet 6 inches in diameter: ' 

The following internal fittings are provided for each boiler : 

1 6-inch dry pipe; 

1 2%%-inch main feed pipe; 

1. 2%-inch auxiliary feed pipe; 

1 1¥%-inch pipe and scum pan for surface blow; 

Zine protectors and buckets. 

The following. external ‘fittings are provided for each 
boiler : 
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1,.544-inch steam stop valve; 
1 triple safety. valve—each valve 4 arent in dinneter 
2 22-inch stop valve for main and for auxiliary feed; 
2..2%-inch check valve for main and for auxiliary feed; 
2 water gages; 
1 14-inch surface-blow valve; 
2, 14-inch bottom-blow valves; 
1, steam gage; 
3 gage cocks; 
1 air cock; 
1 salinometer pot connection ; 
1 connection for testing water in boilers. 
Boiler Data. 
Noeaatg ben [555505580065 00055095 4sdcasjoodhccdadehbb ondgaddedinnd bbooqgcoih Shaddeboaksdess 12 
Working pressure, pounds per square inch,.............2;seieceseersreece 200 
Test pressure, pounds per square inch.............. 0000 samwapensaasavega 300 
Height to top of drum, feet and inches..............ccc.csscssceseeeeesees  I3=1OF 
Length on floor, feet and inches............s.sess000 biccdsdde’ dis ctebb becbba g-or} 
Width on floor, feet and inches ..... ........000 cesossceceeeteeceees Bae big ee 18-04k 
Drum, diameter, inches.......... Gddqencviusedécics sackacvuucscecdacseepiaassdsi 42 
length, feet and inches. ............cccccsscccvecesessccscescectereces 19-00} 
thickness, inChi....cc.c.s...cedeceseee Uesscabecceeees BIAS ALTRTA RS bibs 00%} 
Number of furnaces, each boiler. ...........-.00+ papa caddies pecanditbe sartd 
furnace doors, each boiler................. aa Cg AUER 5 op heat 5 
Grates, length, feet and inches...........csscsssccsssesscssesssccessecsssecess 7-00 
width, feet and incheS................eccdedeosees Jecboldoddetbh, RI 17-00 
Total grate surface, square feet.,.Jcccrcsererardecerecccsessseeescsepsececere 1428 
Total heating surface, square feet............. Geet c.ccasegatews gecadeene 64,234 
RRRUNy Cece CRF Rigi ccs Sncantdonslocessoacqecencasnyqess eqa aiagecauens ter diapeuacs 44.98 
Number of tube sections, each boiler .......06..ccscceecssecessces bdidhéiee 31 
2-inch tubes, each boiler ..,........ genes aceeleenenp pao cadded essen) 1,100 
4-inch tubes, each boiler ..............08. wivded iccesewcsmeas Hgca 62 
Distance between headers, feet and incheS............cssccscseccsssseeees 8-00 
Area of each smoke pipe, mean, square feet........0...ccc.cceeee desthil. 101.56 
G.S. -+ area, through smoke pipes........ db ipuepbsbesgee Sasjsbocyeboodiya del 7.03 
Kind of forced draft.......00.ccscscccsee seccsssesssceees acaanacuaeestiag Closed fireroom. 
Number of oil burners, each boiler ...............000e00 dddeccudseecagaadene 8 
Type Of off burtiers ...... leew ecedesendeee ees PRA AREAS EA Gers t AE: Peabody. 


FUEL—OIL SYSTEM. 


In addition to the usual coal-burning appliances, a complete 
oil-burning system is provided. ‘This installation is not in- 
tended for regular use, but only as auxiliary fuel to be burned 
in emergencies in combination with the coal. 
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The plant consists of two 10-inch & 7-inch XX 12-inch, 
M. T. Davidson, heavy pressure, vertical, double-acting, single 
pumps,* one! in each engine room on the center-line bulkhead. 
These pumps draw the fuel oil from the double bottom tanks, 
compartments C-90 to C-99 inclusive, located under the en- 
gine rooms and the space between the engine rooms and the 
firerooms, and deliver same'to the oil burners on the boilers. 
Each boiler is fitted with eight oil burners, mechanically atom- 
ized, of the Peabody type. 

A 4-inch suction leads from the bottom of each tank to the 
suction manifolds located near the pumps. There is a Ma- 
comb strainer in each pump ‘suction and a special high-pres- 
sure strainer in each discharge. The discharge from each 
pump is 3% inches, uniting into a common. .34-inch’ ‘pipe 
(either pump being capable of supplying the entire system) 
which leads to the firerooms. ,This divides into two .214-inch 
branches in the after fireroom, one supplying the burners on 
the port and the other on the starboard boilers. The port and 
starboard supply lines. are symmetrically arranged and lead 
forward, outboard of the boilers, decreasing im size to 2 
inches to the middle fireroom and 1% inches beyond to the 
forward fireroom. . 

There are two oil heaters.in each fireroom, one for the port 
and one for the starboard boilers, through which'the oil is de- 
livered to the burners in the same fireroom. The oil may. be 
by-passed around the heaters if-necessary.. There are. cut- 
out valves in the supply pipe to each pair of boilers, fitted with 
emergency deck-operating gear. 

Four 6-inch filling connections.are located on the main deck, 
which connect by two. vertical pipes ‘to the oil manifolds in 
the engine rooms. 

Each tank is provided with a 1-inch steam connection, for 
boiling out and the oil pumps are arranged for pumping the 
contents of the tanks overboard when washing them out, the 
latter connection being portable and only connected up when 


—_—_— 


* See also Table I. 
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cleaning the tanks, so there is no danger of flooding the sys- 
tem and tanks with sea water. 


FORCED—DRAFT . BLOWERS. 


Four forced-draft blowers are installed for each fireroom. 
They are located in specially constructed blower rooms just 
below the protective deck and above the center of.each fire- 
room. 

The fans are of the Sirocco type built by the American 
‘Blower Company, and each is driven by a Diehl motor con- 
trolled from the fireroom working level or the blower room at 
will. Airis suppied from the fireroom ventilators, which are 
closed at the bottom when under forced draft. The fan data 
is as follows: 





Revolutions per minute ...,........eccesee0eee aeleraeherea ORY Se PARe dese meee +, 695 
Horsepower, €8CD,,.......0.cccsssees sesescoonnssccccccccscosescopeses 40 
PRES CEPA DH ETO DER cc cenadcccoccacessonscssescscenccscccSbasaccnnesdsscesscsecesccaceecah 33 

Witla; techie ie. cnib sik cckdes elk dole Sects LM ha AL. 40 
Number of blades..........ise.cooosesessasspacooereceeyescney ks aphb lebusppbaepphdesfyep ts 64 


* AUXILIARY FEED PUMPS. 


There are three M. T. Davidson; 14%4-inch &) 914-inch X 
18-inch auxiliary feed pumps, one in each fireroom. | They:are 
of the vertical, double-acting, single type and are arranged 
so that any pump can feed any boiler. 

*FIREROOM FIRE AND BILGE PUMPS. 

In each fireroom there is an M. IT. Davidson, 12-inch x 
10-inch X_ 18-inch..vertical, double-acting, single, fire and 
bilge pump, arranged to draw water from the bilge, the drain- 
age system and the sea, and discharge to the fire main, sani- 
tary system and overboard. 


ASH HOISTS. 


There are three Williamson Bros. ash-hoist engines of the 
two-cylinder, reversible type, one for each fireroom, located at 
the upper fireroom hatch. The port ventilator in each fire- 





* See also Table I. 
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room contains the bucket guides, wire ropes, sheaves, etc. 
The hoists are operated from the main deck, at which deck the 
ash chutes are located at the ship’s side. 

The engines are of the following principal dimensions: 


Number of cylinders 


PP I Ree PEPE T EST SOT ERE PENNE Ry re EN Herre 2 
TSIRIIOURE OF COSINMETS, UNICIIOR, «.0500cscaspoccseescyancaseoesetoasecesecsnavecespescoces 44 
Some Pea ee RR I ee cet moc checceveccseces 44 


ASH EXPELLERS. 


In addition to the ash hoists, three Stone pneumatic ash 
expellers are fitted, one in each fireroom, discharging the ashes 
through the vessel’s bottom. 

The equipment in each fireroom consists of an expeller lo- 
cated just off the center line of the vessel, a 4-inch X 38-inch 
double engine, located overhead, which drives the former by 
means of shaft and gears. The ashes and clinkers, which 
have previously been broken up by striking with fire shovel, 
are fed through the hopper into the expeller, where they are 
crushed and delivered into a chamber in communication with 
the sea, from which they are discharged to the sea by air pres- 

sure. A Westinghouse, cross-compound air compressor, to- 
gether with air reservoir and the earesyd piping is provided 
for this purpose. 

The air compressor data is as follows: 





Number of COmpressers........csece ecescccssscesccessscees BieWesdesssesbuatusetapcebics 
Diameter of steam cylinders, inches........... peagaaissvasssdegdanaectches? 8} and a 
! air cylinders; inches..i..........cccsecee aE PSS Beer Pe gand 744 
OS aoa fad wi Sh si cascpolivostegh anceps epstaee Taonst i damasainpeenp ssa yeebaees 12 
Neurmber OF Wie CESeS VON cos ces ssh scvagsestbaecticdssscsexcdessdsng ghoped scsceasbepunee 4 
Capacity of each air reservoir, cubic inches.. ...............cccccsceceeresseeeees 6,786 
Working pressure, pOunds.........sccccccccccccee ssecsdecsvsvsdchessesersssssceb besos go 


MAIN STEAM PIPING. 


The main steam piping is arranged in two’ symmetrical sys- 
tems, one oft each side of the vessel. The two lines’ are cross- 
connected in the forward fiteroom and in the engine rooms. 
The branches from the boilers are 514 inches in diameter each 
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and the lines proper are 73% inches in the forward fireroom, 
increasing to 914, 11, 1214 and 14 inches at each: successive 
boiler. connection, the latter size being continued to, the tur- 
bine-regulating valves in the engine rooms. No. steam sep- 
arators are fitted. 


AUXILIARY STEAM PIPING. 


From the main steam pipe in each engine room is a 7%- 
inch connection, which leads aft through the engine room and 
through the center-line bulkhead, forming a connecting loop 
between the two sides of the ship. '' From this’ pipe steam con- 
nections are taken for the various engine-room auxiliaries, 
steering engine and heating system aft. 

In the firerooms the auxiliary steam consists'of a 3-inch 
cross-connection between the port and starboard main steam 
lines, from which the branches to the auxiliaries are taken. 

Steam connections for the dynamos, heating system and 
deck machinery forward are taken off the main steam cross- 
connection in the forward fireroom. 


AUXILIARY EXHAUST PIPE. 


An auxiliary exhaust pipe is fitted throughout the machinery 
spaces and elsewhere as required for the various auxiliaries. 
Connections are provided to direct the exhaust steam into 
either main or auxiliary condensers, either feed-water ‘heater, 
or into the atmosphere through the after escape pipe at will. 
There are also connections for admitting the exhatist' steam 
into the’ steam belts of the M.H.P: and L.P. ahead ttirbines 
when desired. 


MAIN AND AUXILIARY FEED PIPES. 


The main feed pumps in the engine rooms take’ their suc- 
tion from the feed tank connecting pipe, the suction to each 
pump being 5 inches in diameter. The pumps discharge via 
the feed-water heaters, or by-pass same if desired; to the 
boilers. |The discharge from each pair ‘of :pumps'is 5 inches, 


uniting in the after fireroém into a 7-inch feed main leading 
6 
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forward and diminishing in size as it goes forward to 6, 5 
and 3% ‘inches. 

The feed tank connecting pipe also has a nozzle fora 9- 
inch auxiliary feed suction main. This main gradually re- 
duces in size as it leads forward to the auxiliary feéd pumps. 
These pumps have direct connections to the boilers in their 
respective compartments, or can discharge into the main feed 
line. On each auxiliary feed pump is.a grease extractor, 
which may be by-passed. 

The branch main and auxiliary feed pipes to. the boilers 
are each, 214 inches in diameter. 


INTERIOR COMMUNICATION. 


| The customary engine and fireroom telegraphs, gongs, time- 
fire device, telephones, voice tubes, etc., aré fitted for trans- 
mitting orders and signalling to the various machinery com- 
partments and other parts of the vessel. 


AIR—COM PRESSOR. PLANT. 


Located in the engine room are nine 11-inch * 11-inch X 
12-inch Westinghouse steam-driven air compressors and two 
air reservoirs, of about.45,000 cubic inches capacity each, for 
use in running pneumatic tools in the engineering department. 
blowing soot off the boiler tubes and for the gas-ejecting sys- 
tem for the guns. 

Each compressor has a capacity of about 360 cubic feet of 
free air per minute at 150 pounds pressure. 

A pneumatic main, independent of the gun gas-ejecting sys- 
tem, is led throughout the machinery space, with branches to 
the workshop, evaporator and dynamo rooms, from which the 
connections for pneumatic tools and blowing soot off boiler 
tubes are taken. 


EVAPORATING AND DISTILLING APPARATUS. 


This plant is located on the berth deck, just forward of the 
engine hatches, with the distillers and evaporator feed-water 
heaters in the port engine hatch athigh elevation. There are 
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four evaporators, four distillers and two feed-water heaters, 
with their accessories, arranged to operate in double effect. 
The plant has a combined capacity of 25,000 gallons of water 
per 24 hours. 

For pumps see Table I. 


Evaporator Data (each). 


Type........ itacleda Bbieskevedes iad buadiagiziae Modified Bureau of Steam Engineerin g 
Diameter, inside, feet and inches ............csecssscsesseences raibéawagees gistasen-, SOS 
Length over heads, feet and inches....... Ne WevuveaesnevsviVestedcelsccveecsee 6-34 
Tubes, number 
Giameter, inches ........cccccccccsees soccessdelesecees sovace piaioaaiicubagian 14 
thickness (brass) ; Iron-pipe size. 
Heating surface, square feet 
Capacity, gallons per 24 hours............. bb ve pcb 
Diameter of steam connection (two), inches 
vapor nozzle, inches..,........... ee ee omlenie 
feed valve, inches .............. A caw cannen stance tuateditatetetcas 
blow valves, inches .............. SUNOS RAR Cfo Pens Mee ye ey ates 


Distiller Data (each). 


Bureau of Steam Engineering. 


Length between tube sheets, feet and inches.......... sé naheue«teiabaniiantice 
Tubes, number 
diameter, inch 
thickness, B.W.G 
Cooling surface, square feet....i...0:5.siccccnesvesdeseeneoetstssenes sbbdceeccesenen | 12545 
Diameter of circulating-water inlet and outlet, inchtes......,...c0sececases 
vapor inlet, inches....... gaceveseseaea davcsupaioats eee 
Greist, intcheas ie 2el ecddecedseeccovectescscsecess bac sctickesscened 





Evaporator Feed-Water Heater (each). 


DUG asisigistuagiserescnsccgeens Apwachaveanmasepeoate Alberger Condenser Co., triple flow. 
Diameter, inside, inches...............cscsccosssssssessseessstscccscsecesseeees eee td 12 
Length between tube sheets, feet and inches......'........ ans ickadedeedd “1QHOOR 
Tubes, number....... aise waht sich oak enennibhtints Beckds ainenseue shee sadeinbeabaad 126 

size, (corrugated copper), inch 00} 

THICRNERS, S.W-G.o nn... cai cccccassccesavccccacss cvcsccedes gerry in Cre 20 
Heating surface, square feet............s00ssseeesees PUL CPR aa Pret Pre Julies eects! (60 
Diameter of, feed inlet and outlet, inches.........,.ss0«++ 

vapor inlet and outlet, inches, 
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rs SHOP. 


A well-equipped eaakien shop is located amidships, be- 
tween the engine hatches, at the berth deck level.. Each ma- 
chine tool is driven by its own motor. 

The following machine tools are installed : 

24-inch X 48-inch extension-gap lathe. 
12-inch tool-room lathe. 

14-inch tool-room lathe. 

15-inch X 15-inch column shaper. 
30-inch plain. radial drill. 

16-inch sensitive drill. 

universal milling machine. 

1--double emery grinder, wheels 12-inch diam. X_ 2-inch 
face. 

1 portable cylinder-boring machine. 

The tools are all up to date and complete, and.are provided 
with the most modern attachments. 


There is also a well-equipped blacksmith shop located on the 
main deck, just abaft turret No. 3. 


ELECTRIC PLANT. 


‘There is one dynamo room located forward of the forward 
boiler: room, and two distribution rooms, one forward and'one 
aft, in which are located the lighting arid power distribution 
boards for the respective parts of the ship... The forward dis- 
tribution room also contains the generator boards. 

The generator installation: consists of four 6-pole, com- 
pound-wound, 300-kilowatt General Electric generators, each 
driven by a two-stage horizontal Curtis turbine. Each gen- 
erator will deliver at normal load:2,400 ampéres of current at 
125 volts when running at 1,500 revolutions per minute. The 
generators are capable of delivering one-third overload for 
two hours without injury. 

There are two condensers of elliptical section ‘for the ex- 
clusive use of the dynamo turbines. Each condenser has its 


—_—s ee es elle Ol 
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independent air pump, centrifugal circulating pump and hot- 
well tank and pump. For pump data see Table I. The ex- 
haust piping is so arranged with cut-out valves that either or 
both condensers can be used on any or all the generator sets. 

The condensers are of the following principal dimensions: 


Width, inside shell, feet and inches 

Height, inside shell, feet and inches,.................c.csecceeeeeseeeenees haaeees 

Thickness-of shell, inch 

Length, between tube sheets, feet and inches ..... 

Thickness of tube sheets, inches .............. Bn octade Geos tee Bic dhcaeciese 

Number of tubes ....6... ccccssccesecsescesceeees aegaed Wiehe isds aboteosens tocdbeaesss 2,190 

Diameter of tubes, inch. ....2........cecccsseceee eee gecintencsatusas midedekenacevadneds 

Thickness of tubes, B. W. G ......ccereccecces cosccensevenscsececapeessceeces m 

Diameter exhaust nozzle, inches.............ccsssecseccecereereeecceceeceee Sais 
air-puMp SUCtiON, INChES..,........éecceeeceneeseeees eres Greer fe ade 
circulating water inlet and outlet, inches................:s000 ee 

Cooling surface, square feet.......... Se dis cshatptiadinc haaQiccticnebisuaicad tes 2,403 


TORSION METER. 


Each line of shafting is fitted with a Gary-Cummings tor- 
sion meter for ascertaining the shaft horsepower of the main 
turbines. 

As a complete description of this instrument, by Commander 
U. T. Holmes, U. S. N., appears elsewhere in this number, 
further remarks on its construction and operation are un- 
necessary here, except that it gave satisfactory and consistent 
results on the trials. 


TRIALS. 


Standardization Trial.—This trial was run on the Rockland, 
Maine, course Monday, March 25, 1912. The weather was 
clear with a brisk wind blowing almost.parallel to the course 
from the north. The first run was commenced about 6:30 
A.M. in a southerly direction,:the runs being alternately south 
and north. In all twenty-two runs were made over the meas- 
ured mile at various speeds, but the data from only twenty 
runs was used in compiling the speed and power curves, runs 
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Nos. 13 and 14, not being up to the speed desired, were thrown 
out. 

From the data obtained it was found to require 321.4 r.p.m. 
of the main engines to attain the designed speed of 20.75 
knots, 286.3 r.p.m. for 19 knots, and 177.2 r.p.m. for 12 knots. 

Table II contains the data obtained on the various runs. 
from which the curves, Plate I, were plotted. 

Four-Hour Full-Speed Trial.—This trial took place at sea 
off Rockland, Maine, on Tuesday afternoon, March 26, 1912. 
The weather was clear with gentle breezes and a smooth sea. 
- The designed speed was easily exceeded, an average speed of 
22.08 knots being attained, and the designed water rate was 
likewise bettered. 

Table III givés a comparative list of the data obtained on 
this and the following trials. 

Twenty-Four Hour 19-Knot Endurance and Coal and 
Water-Consumption Trial.—The trial commenced at 1:20 
A. M., March 27, 1912, and‘terminated at the same hour on 
the following day. The weather was clear with light airs 
and a smooth sea. Unfortunately, unsatisfactory dummy 
clearances developed in the starboard LP. turbine, which ren- 
dered it necessary to disconnect the I.P.C. turbine after five 
hours’ running, and to continue the trial with the four-turbine 
combination, but in spite of this handicap the water consump- 
tion was within the designed rate. 

For data see Table III. 

Twenty-Four Hour 12-Knot Endurance and Coal and 
Water-Consumption Trial.—This trial was run on the six- 
turbine combination, March 28 and 29, 1912, the start being 
at 4:20 A. M. The weather was excellent throughout the trial, 
there being no wind and a smooth sea. 

The water consumption on this trial was a little in excess of 
the designed rate, due to the high consumption of the aux- 
iliaries. 

The data obtained on this trial is given in Table ITI. 
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THE GARY-CUMMINGS TORSIONMETER. 


By COMMANDER U. T. Homes, U. S. N., MEMBER. 





The accompanying figure shows this instrument as supplied 
to the U. S. S. Florida. A tube A, about fourteen feet in 
length, is installed inside a section of the propeller shafting. 
One end of this tube has clamped on it a spider casting 2, as 
shown at the left and in section at X-X. Each leg of this 
spider carries a spindle C, which is a close fit in 2, with one 
end turned to a sharp point and the other cut to form a 
feather that fits in a tapered keyway on screw D. The three 
keyways in D are about -3,; inch deep at the left end of screw 
and taper to about 4, inch at the right. A long-handled 
socket wrench fits nut & and is actuated from the left end of 
shaft. The screw plug D is thus drawn to the left, and, since 
the keyways in which spindles C fit are tapered, the points on 
C bite into the shaft, thus binding the spider and the left end 
of tube rigidly to the inner wall. is a lock washer which 
serves to prevent £ working loose. 

The right end of tube 4 has a casting G clamped on it, 
and this rests in a ball bearing fitted into a spider set into the 
end of shaft and held firmly by means of tapered screws ZH. 

The arrangement described above permits the tube 4 to 
remain free from torsion while the shaft is transmitting power. 
The left end is clamped to shaft, but the right end is per- 
mitted to turn freely in its ball bearing and will do so in case 
there should be an angular displacement of the shaft at this 
end. It is evident that there will be such a movement and 
the amount will be proportional to the twisting moment, or 
torque, transmitted by the shaft. 

It remains, then, to provide a means for measuring and 
recording this movement. A lever Z is secured to the right 
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end of tube A and lies in the slot .S, cut for this purpose in 
the face of flange on the shaft. The width of this slot is such 
as to freely permit the small movement of lever caused by the 
slight angular movement of tube relative to shaft.. A top 
piece M secured to Z by screw / simply serves to transmit 
the movement of Z to the recording mechanism. A double 
arm 7, made of tubing to give the maximum strength on 
minimum weight, is fitted in a block U that is centered at 
KK and actuated by 14. At each end of / is a german-silver 
recording needle, secured by binding screw not shown in 
figure. The ball O, section Y~Y, is held against screw P by 
spring Q and pin &, thus providing for taking up all lost 
motion due to wear. 

Since 7 and O are both firmly secured to the block U 
moving about A~ as a certer, any movement of Z with re- 
spect to the flange on shaft causes one of the two points VV 
to go to the left and the other to the right. It still remains 
to provide means to record this movement, that is, the dis- 
tance between the circular paths traced by the two points VV 
as they revolve with the shaft. 

At the lower right-hand corner of the figure is shown the 
device for holding the small sheets of metal-coated paper for 
taking the record from the needles VW as they revolve in the 
paths Y-V. Several sheets of this paper are placed loosely: 
in the pocket provided, and by pushing the rod W the top 
sheet is moved until it becomes tangent to /—V and receives 
the record. Z is a handle for moving the paper holder so 
that if it should be found that only one needle touches, the 
plane of the paper can be slightly changed so that both 
needles will mark. S’ is an adjusting screw for moving paper 
holder in and out from center of shaft. 

The linear distance between the lines traced by VN is a 
direct measure of the twist of shaft when corrected for the 
zero reading. ‘This is obtained by dragging the propeller in 
order to cause the shaft to revolve when transmitting no 
power. Both points can be made to mark the same line by 
careful adjustment of the screw P, but this is inadvisable 
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since the shaft must be stopped to make the. adjustment and 
a zero reading of as much as 0.1 inch is of no disadvantage- 

The, proportions of the Florzda’s instruments are such that 
one-half degree angular displacement of shaft is equivalent to 
1.9 inches of displacement between the two recording points. 
This ratio was found in shop tests with a calibrating instru- 
ment especially devised for the purpose. The results of these 
tests are plotted in the upper right-hand corner, of the figure, 
and show that the ratio between angular displacement and 
distance between lines on the record is constant for all powers. 
The tests were made first by adjusting the arm in the slot, 
using a micrometer gage to place it in the exact position re- 
quired. The arm was then locked in this position.and the 
calibrating instrument run in a lathe and cards taken while 
running. 

It was also shown by these experiments that the speed of 
rotation does not affect the reading of the instrument. - Cen- 
trifugal force only tends to increase the diameters of the circles 
traced by the needles, and there is no tendency to vary the 
distance between the planes of these circles, The linear dis- 
tance between marks on a card when laid flat is directly pro- 
portional to the angular twist of shaft. It is thus seen that 
one constant serves for all powers and speeds. 

To obtain the horsepower constant the shafts are calibrated 
in the shop. by applying a known moment. and. measuring 
the angle of twist in a known length by. means of battens. 
Thus in determining the horsepower constant for No. 2 shaft 
on the Florida the following method was employed : 

From calibration data it was found that one-half degree of 
twist in 100 inches of length of shaft corresponds to 171,371 
foot pounds of moment. One inch reading on torsionmeter 
card corresponds to 0.263 degree of twist. Hence 0.263 
degree of twist when the shaft is transmitting power must 


correspond to 0.263 X 171,371 X 2 = 90,312 foot pounds of 
twisting moment or torque. 


2zX MX R.P.M, 
S.H.P. >= 33,000 ; 
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where 4/4 = twisting moment in foot pounds. Tf the torsion- 
meter reading is one inch we could substitute for J/the number 


90,312, but the reading varies directly with the torque in all 
cases, and 


S.H.P = az X (90,312 X 7) XR.P.M. 
oh 33,000 





= 17.195 X TX R.P.M., 


where 7= the corrected torsionmeter reading in inches. 

The above expression applies to a length of 100 inches in 
No. 2 shaft of the Florida. In any shaft the constant is in- 
versely proportional to the length of shaft under consideration. 
It is therefore possible to cut the tube 4 of such length that 
the constant will have a value of 10, and the work of calcu- 
lating horsepower from the torsionmeter reading can be thus 
greatly facilitated. 

This instrument possesses the advantage of being housed in 
the shaft where it is entirely out of the way. ‘There are few 
parts to get out of order, there is no chance for lost motion 
to develop and the weight is less than in other torsionmeters. 
It is applicable only to hollow shafting. The tube and at- 
tachments must be placed there permanently and cannot be 
adjusted or even examined without removing the section of 
shaft in which installed. The parts are rigidly constructed 
with locking devices on all pieces that could otherwise work 
loose. When carefully installed it is believed that there will 
be no necessity for further adjustment of these parts. 


FORMULAE. 


The moment JZ, caused by the pull Won an arm of length 
r=W Xr. From the results of calibration experiments a 
curve is constructed, the ordinates giving the values of 17 in 
foot pounds and the abscissae the corresponding readings of 
the torsionmeter. From this curve the moment correspond- 
ing to any reading of the torsionmeter, when the shaft is 
transmitting power may be obtained. 

The shaft horsepower (S.H.P.) is equal to: 
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3 2X2XMXRP.M. MX R.PM. 
(1) 33,000 11° 6 $952 


From applied mechanics we know that the angle of torsion, 
for a shaft within the elastic limit, 





2xXmxXil d 
(2) > 


Eric aii Seer 78 
or rxixe 


me ae where 
y = the angle of torsion in circular measure ; 
# = the angle of torsion in degrees ; 
4=the linear deflection measured on a circumference of 
radius 7; 
m = the twisting moment in zzch pounds ; 
7 = the length of shaft in inches ; 
d = the outside diameter of the shaft in inches; 
d, = the inside diameter of the shaft (if hollow) in inches. 
FE = the modulus of elasticity of the shaft ; 


3 
=the modulus of the settioni-we for solid shafts, or 


16 
Tv (a* — a,*) 
-— ya for hollow shafts. 


It is more convenient to express the twisting moment in 


foot pounds, 17 = = Making this change, we have 


EXIXaX2ME 3% EX d' 
(3) Meo xX 1a Xl 16% 360K 1a KT 


Substituting this value of 17 in formula (1) for horsepower, 

we have 
(4) 'S Pa BREXMOCR BM. 1, aK KS GOXRPM, 
tei 3] 33,000 360 X16 X12 X 33,000 X Z 


4 
= ae —* i as foe ‘solid shafts. 
’ ’ 





Similarly for hollow shafts, 





(d* —d,') X 6.x R.P.M. 
; 
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From (3) we have 


(6) FH 380 X12 X16 XIX M _ 7,003.2 XIX M 
= mxd'*xd — axe 





— S836 X TX ™ for solid shatts; 





and similarly, 


__ 7;003.2 X2X M __ 583.6X1x% m 
(7) Bee (d'—a) XO. @'—ai) x0 for hollow shafts. 





From (6) or (7) the modulus may be calculated when the 
results of calibration of the shafting have been obtained. 
This has been done for the shafting of a large number of our 
vessels, and the results are given in the following table: 





| 
| 
: Shaft | Shaft Shaft SS) 

Ship. No.1. | No. 2. No. 3. | No. 4. 


North Dakota) 11,495,800 | 11,590,800 | 
11,825,555 | 11,926,444 | 11,825,555 | 
11,548,000 | 12, 100,000 | 11,730,000 | 
II,500,000 | 12,030,000 | 11,810,000 
+++] 11,550,000 | 11,675,000 | 1,360,600 
I 1,219,000 | LI,396,000 | II, 505,000 
11,622,702 | 11,820,000 | 11,840,000 
11,373,947 | 11,687,837 | 
TI,490,000 1T,551,000 
11,484,000 | 11,635,000 
11,685,887 | 11,891,530 
11,952,038 | 11,895,519 
11,695,300 | 11,659,600 
11,936,903 | 11,962,910 11,818,720} 12% 8 
Test shaft ......| 11,577,071 | 1} (solid) 





-_ 





SP~%y~Beaoe* 





“4 
N 
a 














These results do not show great variation, but the differ- 
ence is sufficient to justify the rule that all shafting on which 
a torsionmeter is to be used must be calibrated. It is proba- 
ble that the results would have approximated more closely to 
a mean value if the axial hole had in all cases been exactly 
central and of the correct diameter throughout, and also if 
the experiments had been carried out under the same condi- 
tions by the same observers. 

When calibration is impracticable, approximately correct 
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results in the case of high-grade steel shafting will be obtained 
if we assume a value for Z of 11,750,000. Substituting this 
value in (4) and (5) we have 


(8). SLP, = £ aa ie for solid shafts, and 





ad‘ —d,*) X 0 X R.P.M. 
3:13 X72 


(9) S.H.P.= ( 


for hollow shafts. 
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SCREW PROPELLERS. 


DETERMINATION OF DIAMETER, PITCH AND PROJECTED AREA 
BY MEANS OF THE EFFECTIVE THRUST. 


By Captain C. W. Dyson, U.S. N., MEMBER. 


In previous work which the writer has submitted on this 
subject, the assumption was made that the apparent slips and 
propulsive coefficients of propellers working in the wakes of 
similar vessels, at equal indicated thrusts per square inch of 
projected area, varied directly as the projected-area ratios. 
That is, if we laid down the slips and the propulsive coeffi- 
cients for a propeller of .32 projected-area ratio and those for 
a .54 projected-area ratio, both working in the wakes of 
vessels of standard forward and after body form and of the 
same standard block coefficient, the slips and propulsive coef- 
ficients for propellers of other projected-area ratios would, for 
any value of indicated thrust per square inch of projected 
area, lie on astraight line connecting the points of this thrust 
value on the .32 and .54 projected-area ratio curves. 

This supposition is not considered satisfactory, as it tends 
to aggravate errors which must necessarily exist in work of 
this kind. 

Again, the projected-area ratios used in the construction of 
the previous charts are so close together that any error in 
either, and particularly in the .54, for the propulsive coeffi- 
cients magnifies the farther we depart from the .32 towards 
the larger values of projected-area ratios, so that if the pro- 
pulsive coefficient given for the .54 is too high, all the propul- 
sive coefficients for ratios greater than .32 will be too high 
and the error will be much increased when we reach projected- 
area ratios in the .60’s. This would result in making all 
propellers of projected-area ratios greater than .32, for which 
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ratio the propulsive coefficients are checked by: the. perform- 
ances of two vessels and are considered as accurate as it is 
possible to obtain, too small for the proper: pleorption of the 
designed power. 

Since the work referred to has been published, caretally 
observed trials have been run with propellers of much greater 
projected-area ratios than .54, and it is considered advisable 
to revise the charts, using projected-area ratios of .32 and of 
.624, the latter being taken from the trials of a three-shaft 
torpedo-boat destroyer, using the data of performance of the 
wing screws only. The result of this choice will be to make 
the propulsive coefficients for the larger ratios slightly less 
than can be realized, thus giving slightly larger propellers 
than are absolutely necessary for trial conditions. This is a 
fault in the right direction, as such screws will be all the 
better when the vessels are loaded down to cruising draught. 


TABULATION OF CHARTS. 


The charts submitted and which will be described in order, 
are— 

Plate 1. Corrective chart for Block Coefficients where 
greatest immersed beam divided by length on load water line 
varies from that of the standard vessels from which the slip 
charts are derived. 

Plate 2. Curves of Appendages resistance in percentage of 
bare hull resistance. 

Plate 3. Curves of Propulsive Coefficients. 

Plate 4. Curves of Tip Speeds. 

Plate 5. Curves of Propulsive Coefficients, Tip Speeds, 
I. T.’s, P. T.’s and E. T.’s for points of design. 

Plate 6. Curves of Apparent Slips for points of design. 

Plates 5 and 6 should not be used for P. A. ratios less 
than .2. 

Plate 7. Curves of te ois Coefficients, Tip Speeds, 


I. T.’s, P..T.’s and E. T. 's for = 2, To be used when 


allowed Tip Speeds are less than 5,000 feet per minute. 
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Plate 8. Standard Projected-Area Forms, and Curves show- 
ing’ Helicoidal (developed) Area ratios corresponding to dif- 
ferent values of projected-area ratios for varying values of 
ratio between Pitch and Diameter. 


DESCRIPTION OF CHARTS. 


Plate 1. Corrective Chart for Block Coefficients —This chart 
has already been described in the February number of this 
journal, but in order to make the present article as complete 
as possible, a short description of it will be given: 


X is the line of ratios of for the parent ships upon 


Pe. 
L. W. L. 
whose performances the preliminary slip charts are based. 
This line is marked standard rE , and these ratios are 


standard for the values of block coefficients given as abscisse. 
The curve above marked standard coefficient of immersed 
midship section is to be used in conjunction with this line X, 
in the determination of the relative fineness of the fore and 
after bodies of any vessel under consideration as compared 
with the standard vessel. 


Should the:vessel plot for 


L.W.L. 
coefficient of immersion of midship section directly or nearly 
on the standard curve, the curves of effective thrust for the 
block coefficient indicated by the plotted points should be 
used provided the vessel is twin screw. 

Should the coefficient of immersion of midship section be 
larger than the standard, the vessel will be finer, or, if smaller 
than the standard, fuller than the parent ship, and the block 
coefficient to use in selecting the effective thrusts must be 
modified accordingly, the judgment of the designer must be 
used as to the degree of change from the standard. 

Should the vessel plot above or below C as at B and at A, 
draw a line through the plotted point and the abscissa value 
unity. Where this line crosses X will give the block coeffi- 
cient value to use in selecting the effective thrust, should the 


directly on X and the 











ERRATA. 


Page 576: 


Fourth line from bottom, for “C, B and A”, read “X, E 
and A”. 


Page 619, Problem 2: 


Fifteenth line of data, ‘“s” should be “5,” ; 
Sixteenth line of data, ‘.S,” should be ‘.S”’; 
Twentieth line of data, “7: .S.” should be “7; .S,”. 
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standard coefficient of immersion of midship section corre- 
sponding to ‘this: point of intersection agree with the coeffi- 
cient of'immersion of midship section in question; Should 
it differ, correction should be made as before: 

Should the vessel be fitted with four shafts, have twin 
screws carried by a Lundborg stern, or have a'center screw 
with the dead wood cut away to give a free flow of water to 
the screw, the inboard screws in the first case, the twin’screws 
in the second, and the center or single screw in the third, will 
feel ‘the effect of the hull much more than will twin screws 
carried by struts. The wake in which they work: will be 
heavier and a correction for block coefficient must be made 
accordingly. 

The same effect, in a greater degree, will occur with a single 
screw or with the center screw of a three-shaft arrangement, 
where the screws work in the wake of and close to the stern 
post. The block coefficient lines to use for the location cor- 
rectives are marked respectively Y and Z.. The fineness as 
compared with the standard vessels is checked by comparing 
the coefficient of immersed midship section corresponding to 
the intersection of the corrective line through the plotted 
point.A or B of the vessel and abscissa value unity with the 
line X, but. the block coefficient correction which we judge 
should be made due to difference in fineness from the stand- 
ard, will be applied to the block coefficient abscissa value cor- 
responding to the point of intersection of the corrective line 
with Y or Z as the case may be. Should the fineness be 
standard, the block coefficient value as indicated by the 
abscissa value of this latter intersection will be used. 

Plate 2. Curves of Appendage Resistance.—In earlier work 
on this subject of appendages the writer gave a table of per- 
centage resistances due to each kind of appendage usually 
fitted to the hull of a vessel. It is a much readier and better 
way to plot the percentage appendage resistance cn — 

as abscisse and draw fair curves through the plotted, points. 
From such curves can readily be seen the influence of depart- 
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ure from standard fineness of hull upon the percentage resist- 
atice. The curve marked) standard is the one usually to be 
used except in cases where great care is used in fitting the 
appendages, when the curve directly below the standard 
should be, used, or where struts are much reduced ‘in size, as 
in Parsons four-shaft ships, shown by curve marked for such 
vessels or where the bare hull resistance is abnormally large, 
as shown by curve marked Massachusetts and Nebraska. 
The curve showing the influence of large scoops has been 
checked: by ttials of the model of destroyers 17 to 21, fitted 
with large scoops, and has been found to agree almost exactly. 


CONSTRUCTION OF CHARTS OF DESIGN. 


Curves of Propulsive Thrust. 


In laying down these thrusts which are represented by the 
following formula: 


PT.= I. H. P.X33,000 X Propulsive Coefficient 
*“* Pitch X Revolutions X Proj. Area of Propeller in sq. ins. 





the performances and propulsive coefficients of a propeller of 
.32 projected-area ratio and one of .624 projected-area ratio, 
the forms of the blade projections in both cases being stand- 
ard, were used. 

Having obtained for these two propellers the indicated 
thrust per square inch of disc area and of projected area, by 
using the following formulas: 


"SADE wane I. H. P.X 33,000 . 
I. T.per sq. in. Disc Area PX RX Dis.Area in squareinches ’ 


‘ : I. H. P.X33,000 
.T. persq.in. Proj. Area = 
I.T.persq-in.Proj.Area= 5 X RX Proj. Areain square inches 








and the propulsive thrust for each, the propulsive thrust 
values were laid down as curves and marked .32 and .624. 
The ordinates of these curves are pounds propulsive thrust 
per square inch of projected area, and the abscisse are pounds 
indicated thrust per square inch of disc area. 





SCREW PROPELLERS. , 579 


P.A. 


In interpolating for other values of DA.’ 


the following 
hypothesis was made: 

All screw propellers may be considered as lying between 
the following two limits: (a) Initial propeller of infinite diam- 
eter, infinitely small projected-area ratio and zero tip speed, 
with which all of the work delivered to the screw is delivered 
by it as direct thrust. The real slip of this screw up to the 
yield point of the column of water upon which it operates is 
zero; (b) Ultimate screw of finite diameter but infinitely 
small pitch, projected-area ratio of unity. In this latter 
case, the propeller has become a disc, all work delivered to 
the screw is consumed by it in rotation. The propulsive 
efficiency is zero and the slip is zero. The indicated thrust 
per square inch of disc area is equal to the indicated thrust 
per square inch of projected area. 

On the curves of P. T. for .32 and .624 plot the points cor- 
responding to an J. 7. per square inch of projected area of 
I, 2, 3, etc., pounds and through points of equal J. T. per 
square inch of projected area, draw curves perpendicular to 
the axis of Y at the intersection with Y and cutting the axis 
of X at an J. T. per square inch of disc area equal to the 
I. T. per square inch of projected area. 


If the values ae as indicated for the primary propeller 


corresponding to the axis of Y, are laid down with P. T. per 
square inch of projected area as abscisse and percentages as 
ordinates, it will be found that the percentage value, the 
propulsive coefficient, falls rapidly to quite a low value of 
P.T., approximately 3.7 pounds per square inch of projected 
area, when it holds a nearly constant value until an abscissze 
value of approximately 7.4 pounds has been reached, when 
the rate of decrease of the propulsive coefficient becomes 
accelerated. 

Should a curve of apparent slips be plotted, it would be seen 
that the slip rises very rapidly at first, then for a period the 


rate of increase of slip becomes very considerably decreased 
38 
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until a critical point is reached when the rate of slip increase 
becomes accelerated and continues increasing until cavitation 
sets in, when the rate of increase becomes very large. This 
critical point will be found to coincide with a line parallel to 
axis of X, its intersection A with the axis of the ordinates 
corresponding with the point A of the enveloping curve of 
propulsive coefficients shown on Plate 3, and to a P. T. of 
3.7 pounds to 7.4 pounds. 

After passing the P. T. corresponding to this line the col- 
umns of water under the projected area of each blade give 
way more and more as the propulsive thrust increases, until 
it finally begins to break, the head not being sufficient to 
provide the necessary velocity of flow, and cavitation begins. 

Following will be found a table which may serve as a guide 
to judge where we must stop in P. T. to guard against heavy 
vibrations of the screws occurring, due to the rupturing of the 
water columns. This table only applies to the lower values 
of projected-area ratios. 





Vessel. i in. (D. A. in, | sq. in. | Vibration. 
ed ate 
ge <3 | — Joop 
Delaware ey | 14. 2 : | 10.58 | Light 
West Virginia | 4. | 15. 3 | 0. ' 11.89 | Light 
Maryland | 12.43 | Moderate 
California ie & | 15. ; é 10.33 | Heavy 
Virginia 1 4. ¢ .303 | 11.15 | Considerable 
Michigan f oda | 0315 | g.100r, 10.36 Light 
| better | 
| 16.56 | .52 | 9.87 | 12.26 Moderate 








tt 2 t 
E.T.= mF where s= apparent slip expressed as a decimal. 


A propulsive thrust (P. T.) of 8.7 pounds per square inch 
of projected area of P. A. ratio of .32 has been taken as a safe 
upper limit of design for that ratio of projected to disc area, 
beyond which we may not go without expecting vibration to 
occur, very slight at first and increasing in intensity as the 
P. T. increases. 
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The commonly accepted formula for effective thrust, which, 
in the foregoing table, is in the column marked E. T.., is 


ET.= E. H. P. (all appendages) X 33,000 
‘" "Speed in knots per hr. X 101.33 X Proj. Area in sq. in. 





_ E.H.P.X33,000 
~ 101.33XS.XP. A. 





_ 33,000 XI. H.P.X Propulsive Coefficient 
SX 101.33 XP. A. 


_ 33,000 XI.H.P.XP.C. 


SX 101.33 XP. A. 





The term propulsive thrusts used are designated by the 
following: 


PT = E.H.P.X 33,000 _ 1.H.P.X33,000XP.C. 
ive PXRXP. A. PXRXP.A. ; 


but 101.33 X S=PXRX(1-—s) where s is the apparent slip, 
then 


E.T.= £.H.P.X33,000  _ I.H.P.X33,000XP.C. 
‘"*" PXRXP.A.X(1-s) - PXRXP.A.X(1—s) 
me 
kts) 


As the apparent slip at which proper propulsive efficiency 
can be obtained, with a propeller working in the wake of a 
vessel, depends upon the fineness of the lines of that hull, 
becoming higher as the lines become finer, it is readily seen 
how impossible it is to give a fixed value to the limiting value 
of E. T. as this value changes with variation in fineness of 
hull and with the projected-area ratio of the screw itself. 

Plate 3. Chart of Propulsive Coefficients —This chart is 
derived directly from the propulsive thrusts by dividing the 
ordinate values of propulsive thrust per square inch of P. A. 
by the indicated thrust per square inch of P. A. correspond- 
ing to this propulsive thrust for each value of P. A.+D. A., 
and plotting the results with per cent. propulsive coefficients 
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as ordinates and pounds indicated thrusts per square inch of 
disc area as abscisse. 

It will be noted how all the resultant curves of propulsive 
coefficients become tangent to an enveloping curve at some 
part of their course. Also how this enveloping curve cuts 
the axis of Y at the point A where the propulsive efficiency is 
approximately 73.2 per cent. The point A corresponds to 
the critical point A referred to previously. This enveloping 
curve may be called the locus of propulsive coefficients for 
the critical thrusts. 

As the narrowest practical blade which can be built is 
probably not much less than .20 projected-area ratio, it is 
seen that the maximum practical propulsive coefficient at 
the point of design, the enveloping curve at this ratio, cannot 
exceed about 71} to 72 per cent. 

In the work of design the enveloping curve A —E may be, 
but the modified curve A—D, shown on Plate 5, usually is used. 
In cases where low tip speeds are required the resultant 
primary propellers obtained will have a projected-area ratio 
of .2, but in such cases the diameters obtained are usually 
greater than can be swung under the circumstances, and the 
final resultant propeller will have less diameter and much 
greater projected-area ratio than, although having the same 
total projected area as, the theoretically desirable primary 
propeller obtained from the charts. 

It has already been pointed out that as the propulsive 
coefficients used for the basic propeller of large projected-area 
ratio, and as this propeller was the average wing propeller of 
a three-shaft ship in which the center screw was of the same 
dimensions as the wing screws, and, therefore, not the best 
for the conditions under which it operated, the propulsive 
coefficient curve for this basic screw is probably a little low. | 
This small error grows less as the projected-area ratios de- 
crease towards the .32 ratio, where we may consider that no 
error exists. For ratios less than .32, the chart will then give 
very slightly higher efficiencies than can be realized, this 
error increasing the further we decrease the ratio below .32. 
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It should be further pointed out that where we have a 
vessel with three or four shafts, and with engines so arranged 
that there is a great variation in the distribution of power on 
the shafts due to various changes made in the number of 
turbines being used, with the different possible combinations 
provided for economical cruising, a departure from the pro- 
pulsive coefficient curves at the low values of thrust may be 
looked for. This is especially the case where a four-shaft 
ship is in question. As the error of the chart is produced by 
using the propulsive coefficients of a three-shaft vessel, such 
vessels should fit it closely. 

The effect of this variable distribution of power on the 
different shafts upon the propulsive coefficients will be shown 
later. 

Plate 4. Chart of Tip Speeds.—In the original chart of tip 
speeds, which was developed from the tip speeds for pro- 
pellers of .32 and .54 projected-area ratios, it was assumed 
that for equal indicated thrusts per square inch of projected 
area, the tip speeds would increase in proportion to the pro- 
jected-area ratios in passing through the points of equal indi- 
cated thrusts per square inch of projected area on the tip- 
speed curves of .32 and .54 projected-area ratios. 

Later data for higher projected-area ratios than .54 show 
this not to be the case, but rather that the locus curves of tip 
speeds for equal indicated thrusts per square inch of pro- 
jected areas are curves springing from the origin, tip-speed 
zero, rising rapidly to an enveloping curve of tip speeds to 
which each curve becomes tangent, and then falling off to 
the right of this curve. 

In developing these curves of tip speeds, the tip speeds for 
projected-area ratios of .32, .52 and .624 were used. 

Plates 5,6 and 7. Design Charts of Thrusts and of Apparent 
Slips.—The method of obtaining the slips for different blocks 
has been thoroughly described in previous articles and will 
not be repeated here. 

The method of laying down the slip curves for projected- 
area ratios other than for the .32 and .624 ratios differed, 
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however, from the method used formerly, in that instead of 
drawing a straight line through and connecting points of 
equal indicated thrust per square inch of projected area on 
each basic slip curve and interpolating on this line for the 
apparent slips of other ratios, this line is replaced by a curve 
starting from the origin and passing through the points of 
equal indicated thrust per square inch of projected area and 
returning to the axis of abscisse where the propeller has 
become a solid disc of no pitch and zero slip, and the indicated 
thrusts per square inch of projected and of disc areas are 
equal. 

On these curves of equal thrusts the interpolations for the 
other projected-area ratios are made. 

Having drawn in these various slip curves, the locus curves 
A-D corresponding to the same lettered curve of the propul- 
sive coefficient on Plate 5 are plotted in. 

It must not be understood that the curve A—D must not 
be exceeded. This is not the case, but for lack of data above 
this curve A—D at the higher projected-area ratios, a satisfac- 
tory limit could not be laid down. ‘The enveloping curve A-E 
agrees nearly with A—D up to about a projected-area ratio of 
.50, above that practice follows A—D which is lower than A-E. 

The charts, Plates 5, 6 and 7, derived from the slip curves, 
also include curves of tip speeds corresponding to the curve 
of design A—D. They can be used alone for designing the 
screw after checking the block coefficient by Chart 1, and the 
appendage resistance by Chart 2. Thus, for Plate 5, 


Point on Curve 3 
Corresponding Point on Curve 1 





Propulsive Coefficient = 


Apparent slip expressed as a decimal 


_,_____ PointonCurve3 
Corresponding Point on Curve 2’ 
Curve 1=pounds indicated thrust per square inch of P. A. 
nt ee 





SCREW ‘PROPELLERS. 585 


Curve 2= pounds effective thrust (E. T.) per square inch of 
projected area = P. T.+ (1 —slip expressed as a 
decimal). 

Curve 3 =pounds propulsive thrust (P. T.) per square inch of 
P. A.=I. T.,X propulsive coefficient. 

Curve 4= Curves of I. T. per square inch of disc area (I.T.p). 

Curve 5=Curves of Tip Speeds for A-D. 

Curve 6=Curves of Prop. Coef. for A—D. 

These curves are all erected on projected-area ratios as 
abscisse. 

Curves 2 are curves of E. T. for different block coefficients 
varying by .o5 from .2 to .9. 

The full line curves are those which are usually followed in 
practice. The extended portions shown in dotted lines are 
the approximate thrusts corresponding to the enveloping 
curve, A-E, of propulsive coefficients. 

By examining Plate 3, it will be noted that the propulsive 
coefficient curves for all projected-area ratios reach their 
maximum before becoming tangent to A-E. After touching 
this curve they fall away rapidly. The writer is of the 
opinion that this curve of the envelope marks the region in 
which cavitation begins. At first so slight is it that it is not 
noticeable. It gradually increases until, after slightly exceed- 
ing A—D with the lower projected-area ratios, the vibrations 
due to it have become so well defined as to be marked light 
to moderate. The line of full cavitationissomewhere beyond 
the limit A-E. If this is true, then in designing we are 
always absolutely safe in designing on the curves A-E, as 
there is no reason to suppose that the limit A—E cannot as 
safely be exceeded at the higher values of projected-area ratio 
as at the lower, where we may go as high as A—D without 
vibration setting in. Again, if this assumption of A-E is a 
safe one, it is seen at once from the curves 2 that for a very 
fine block coefficient, .2, and a high projected-area ratio, .65, 
the E. T. may equal, at the lowest, 15.3 pounds without 
cavitating. 

From an examination of the curves 2, it will be seen that 
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as the block of the ship fines and, as the projected-area ratio 
of the propeller increases, the E. T. increases. We find it 
very low for a projected-area ratio of .15 and a block coeffi- 
cient of .9, as low as 6.4 pounds in fact, while, as pointed out 
in the preceding paragraph, for a block coefficient of .2 and a 
projected-area ratio of .65 it has risen to at least 15.3. The 
qualifying words ‘‘at least”’ are used for the reason that the 
dotted lines are drawn tangent to the points of inflexion of 
the curves 2, where they swing over to follow the line of 
general practice, A—D. 


TABLE oF Actua E. T. REALIZED IN SERVICE FOR VARIOUS BLOCKS AND HIGH 
PROJECTED-AREA RATIOS—PROPELLERS RUNNING SMOOTHLY. 

| } | 
| | 

ss | | } du 
Nomi-' | Block ye Mer 

nal TT Py. | 
Block." : 





E. T. 


“pn. T.| By | By |FormofP. A. 
Plater.| ~~" ~* | Curve | Curve 
| | A-D. | A-E. 


'P.A. 
Screw. 7 | 7 


| .52 .407 | 
-| .538 | .414 | 
-| +542] -414 | 
.504 | .414 | 


| 10.9 | 10.9 | Standard — 
11.55 | 11.55 | Narrow at tip 
13.45 11.65 | 11.65 | Narrow at tip 


12.95 | 12.16 | 12.30 | Narrow at tip 


; .624 | .403 | 


: | 12.3. | 13.00 / 14.2 | Standard 
.60 410 | 


13.17 | 12.70 | 13.4 | Standard 








| 
| 

| 584) 414): | 935 | 12675 | 12.50 | 12.95 | Standard 
\ 





It should be borne in mind that while we may in the values 
of E. T. considerably exceed the values of E. T. corresponding 
to A-E and A-D, as shown by experience for the lower 
projected-area ratio, vibration of considerable magnitude may 
be met with at high thrusts with the higher projected-area 
ratios, even though A—E may not be exceeded. These vibra- 
tions may, however, be due to an entirely different cause 
than cavitation. They may be, and probably are, caused by 
the tips of the blades passing the hull in too close proximity 

to it, and at a very high speed. There is no doubt in the 
mind of the writer that many cases of heavy vibration at 
high speeds are due to this cause. 

An explanation offered for the effect of increased projected- 
area ratio in preventing cavitation is that, in passing through 
the water, the water cascades around the leading edge of the 
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blade thus causitig an amount of the leading portion of the 
blade face to become ineffective as thrust area. 

In order to counteract this loss of effective driving face of 
the blade it then becomes necessary to widen the blade, thus 
increasing the projected-area ratio. This explanation is 
hardly satisfactory, for if the model propeller has no speed of 
rotation but be moved through the water by the carrier at 
a good rate of speed, this same cascading of the water around 
the leading edge will undoubtedly occur, and will continue 
until the product of pitch X revolutions of the propeller equals 
the speed of advance. 

It will be shown, later, how the equation for the diameter 
of the propeller takes the following form: 





2.88 E. H. P. 
D= |P.A. 


DAN XE: 2 


D=diameter of the propeller in feet. 


, where 





E. H. P.=effective horsepower on one screw for speed S. 
S=speed in knots per hour. 


P.A. : : 
De Projected-area ratio. 


E. T. = Effective thrust in pounds per square inch projected 
area. 

From this formula we see that for equal values of E. T. 
and of speed the projected-area ratio of the screw varies 
inversely as the square of the diameter; in other words, in a 
series of propellers designed to deliver the same E£. H. P., 
under similar conditions of speed and E. T. per square inch 
of projected area, the projected-area ratios of the screws as 
compared with each other will vary inversely as the squares 
of the diameters of the screws. 

Plate 8. Curves showing Developed-Area Ratios correspond- 
ing to different Projected-Area-Ratios of standard form blades for 
various values of Pitch divided by Diameter, also Curves. of 
Standard Projected-Area Forms.—This chart has been re- 
drawn and the projected-area ratio forms are given from i15 





588 SCREW PROPELLERS. 


to .70 at intervals of increase of .o5. The developed-area 
ratios corresponding were obtained by actual development of 
the blades on the draughting board and are as nearly correct 
as it is possible to make them. 

In laying down a propeller from data, obtained from the 
charts, the projected areas necessary will be that included 
between the tip and the standard hub given on Plate 8, any 
increase in area obtained by decreasing the diameter of the 
hub to a less percentage of the total diameter of the screw 
than that given by Plate 8 being neglected. 

Below is given a table of multipliers for obtaining the 
chords of the arcs of the half projected-area widths at differ- 
ent radii for aid in laying down standard forms. 


MULTIPLIERS FOR CHORDS OF } RapiaL Arcs oF BLADES OF STANDARD FORM OF 
PROJECTED AREA, THE RADIUS OF THE PROPELLER BEING UNITY. 


R radius of Screw; M multiplier; Chord of 4 arc width of blade=MXR. 





P. A. s M at. 
D. A. 


2R)\.3R 4R\.5R 6R|.7R! BRR 925 R} 95 R\ 975 R) 9875 R 
as | cnpinti acing a: Seno ee Wr ak #1 ha RSE SIE pare 
-15 | .04 | .063 “085i 104) .118, .127 .125 .104 093 | .078 | .058 | 045 
-20 | .053 .074) .114) .128) .158 .169 .168, .138 .125 | .106| .078 | .058 
.25 | .068, 105} .142| .172] .198 .212' .210 .175| .156 | .134 | .007 | .071 
-30 | .081 .128) .170) .208) .235) .252) .257 .209 .190 | .161 | 117 | .088 
-35 | .095) .148} .199| .241| .275| .295 .293 .245) 222 | .190 | .138 | . 100 


-40 | .108 .168) .226 .275| .314) .336, .333 .278 .250 | .214, «158 : 
-45 | .122) .190) .253] .308] .352) .378 .376 .313) .272 | .243 .177 126 
-50 | .135| .210) .280| .340) .389) .418) .417) .346 .310 | .269 | .195 | 

-55. | .147) .230) .306) .372 -427, .460, .458 .385 .345 | .2906| .218 

.60 | 158) .249) 332) .405| .464) .500 .498 .418 .377 | .322 | .240 

.65 | - 171) .270) 359) -435| -499, 540, -539 «448, .403 | 345 | 238. 

-70 | . 183) .287| .383) .465 533-578 .577 .482) .437 | .375 | .280 

















It will be noticed that with all of these forms the greatest 
width in each case is at the same distance from the axis of the 
hub, approximately .7 the radius of the propeller from the 
axis. 

The necessity of adhering to standard projected-area forms 
in order to obtain graphical or other methods of design will 
be easily understood by examining the following figures, 1, 2, 
and 3, showing forms of projected and developed areas for 
the Standard, the Barnaby and the Taylor forms of blades. 
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Fig. 1 shows the standard form of projected area marked a, 
and the developed areas for pitch ratios of .8 and of 2, marked 
a’ and a” respectively, together with the corresponding pro- 
jections on the fore-and-aft plane. 

Figs. 2 and 3 show equal developed areas with Fig. 1, and 
the corresponding projected areas on the disc and on the 
fore-and-aft plane, for Barnaby’s and for Taylor’s blades 
respectively. 

The dotted forms shown on Figs. 2 and 3 are the projected- 
area forms of Fig. 1. 

Attention is called to the great variation in distribution of 
blade surface, as the pitch ratio changes, in blades of the 
forms given in Figs. 2 and 3, and the rational and gradual 
change of form that occurs in Fig. 1. 

The standard form need not be adhered to rigidly, but 
may be modified between the greatest width and the hub in 
order to decrease the resistance of the sections of the blade in 
this region by allowing the blade to be made wider, thinner 
and sharper edged. 


Variations from the Standard Form. 


With the exception of the last mentioned case there is but 
one case where departure from the standard form is justified, 
after such form has been adopted and the method of design 
been based upon it. This case occurs when limitations of 
draught or conditions of design make it impossible to fit a 
propeller of as large a diameter as is indicated by the calcula- 
tions as necessary for the best results. 

Such cases are shown by projected areas A and B in Fig. 4, 
having a diameter of screw of 2R. With case A, the allow- 
able radius is RK’, so when retaining the pitch of the theoreti- 
cal propeller, it becomes necessary to broaden the tip of the 
blade which will take the form shown by A’, the area of the 
projection A’ being equal to the projected area A. This area 
A’ may be as shown, or may be greatly modified in appear- 
ance, as in A”, provided the circular arc measurements of 
width at equal radial distances remain equal. 
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Where the difference between the calculated and the 
allowed diameters is large, the resultant blade would have an 
abnormal form, as in B’. This form is often met with in 
motor-boat propellers, disguised as B’’. Patents have been 
allowed on this form, and great claims are made for it on the 
grounds of high efficiency, when in reality its greater effi- 











ciency over a blade of ordinary form is caused by its approxi- 
mation in amount and distribution of area to those of a pro- 
peller having the proper dimensions for the work which it is 
called on to do. In place of this tip broadening, however, 
the problem may be solved for “‘reduced.diameter,’’ as in 
Problem 1, and the standard form of projected area be 
adhered to. 


Blades thrown to the side, as in A’’, are used to reduce 
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vibration in cases where a rapid-running screw operates close 
to the strut or stern post. As a general rule, though, they 
are undesirable, as the form is weak and the blade must be 
made extra heavy at the root in order to provide the necessary 
rigidity to insure against change of pitch, due to springing 
of the blade when subjected to heavy thrusts. 

Rake of Blades.—It is a very common practice to rake the 
blades aft to a more or less degree, and was generally followed 
in the United States Navy until a few years ago. There was 
a generally accepted idea that centrifugal action of the screw 
was decreased and that efficiency was increased by so doing. 

An examination of the performances of actual screws in 
service, and of model screws in the tank, show that there is 
practically no ground for either belief. In the cases of the 
actual screws, no difference in the propulsive efficiencies of 
screws with and screws without rake can be noticed, and the 
models gave practically identical results. As to centrifugal 
action, numerous tank experiments have shown the propeller 
race to be practically cylindrical, and that so far from there 
being centrifugal action, there appears to be a slight conver- 
gence abaft the propeller. 

An actual advantage gained by raking the blades aft is 
that the blade tips of wing screws are given greater clearance 
from hulls of usual form than if the blades were radial; also, 
for the same blade clearance, the strut arms may be made 
shorter. Another advantage which the rake may have is in 
giving greater clearance between the leading edges of the 
blades and the after side of the stern post and struts. 

Radial blades, in addition to being as efficient as those with 
rake, are more easily machined, have less total developed area 
for equal projected area, and therefore less surface friction, 
are stiffer and lighter; also, the stresses in the blades due to 
centrifugal action are less. With propellers of high speed of 
revolutions, this latter point is very important, and for such 
screws the blades should never rake. 

Blade Section.—Care must be exercised in choosing the 
shape of blade section in order not to cause heavy losses by 
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interfering with the ease of flow of water past the blade, thus 
causing eddies and the formation of cavities by too abrupt 
a change in the direction of flow of the water; we should 
also avoid, as much as possible, the use of sections of such 
form as would make the actual working pitch of the blade 
widely divergent from the nominal designed pitch. 

The principal forms of blade section that are met with in 
practice are as follows: 


B. 
MEE yy OULD. 


Mie Gas,” gap igh Cok 


With a small value of a from .12 to .20 at the hub, the 


form‘A appears from trials to be all that is required. . Where 


the value of s is higher than .20 and the fillet of the blade is 


also heavier it may be advisable to slightly fine the entrance 
of the blade by throwing back the leading edge a small 
amount as shown in B, but this should not be done to any 
great extent as it tends to slow the blade down by increas- 
ing the actual working pitch;above the normal more than is 
done by ei 


D. 
EEE | EEE. 


FGETS TAM: A sea bento ter marth 


Section C with the following edge of the blade thrown back, 
the leading edge being either similar to A or thrown back as 
shown, is considered by the writer to be a decided mistake, 
since, as the water travels along the driving face of the blade 
from the entering to the leaving edge, there may exist a 
tendency for it to break contact with the blade face. It 
was to guard against this tendency of the water to leave the 
blade face that axially-expanding pitches of blades were used. 
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If the following edge of the blade is thrown back as in C, 
the face of the blade is deliberately drawn away from the 
water and a cavity at this edge will result with consequent 
eddying effect and resultant vibration and loss in efficiency. 

In section D, the leading half of the back of the blade has 
a pitch such that its slip equals the real slip of the screw. 
This form is theoretically correct, but in practice, unless the 
blades are very wide, it gives too thick a blade and too blunt: 
an entrance, with:a consequent heavy loss in efficiency. An 
example of this section.is met with in the original propellers 
of the U. S. S. Kansas, with which the results obtained were 
abnormally poor. 


E 


: le 
<> ED 


ere ee -—— —--W.——-- + 


Blades of section E, with the metal of the blade divided 
evenly on each side of the nominal pitch surface or plane, 
appear to offer less resistance to turning than any of the other 
sections, due probably to the fact that the real pitch of the 
blade is also probably the same as the nominal pitch, as is 
shown by the fact that if blades of this section, designed for 
zero pitch, be revolved, they will exert zero thrust, while 
blades of the preceding sections, designed for zero pitch, will 
when revolved record a decided thrust, due to the influence of 
the backs of the blades. The backs evidently giving the 
blade.a working pitch greater than the nominal pitch cause 
them to exert a thrust. While it requires less power to turn 
blades of section E, the resultant thrust per revolution is 
much lower and the apparent slip is much higher than with 
blades of the same nominal pitch but of different section. 

With blades having sections similar to F, the same results 
are obtained as with section E, but in a less degree. 
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Effect of Changing the Pitch of Blades-from the Designed 
Pitch by Twisting the Blades on the Hub. 


Very often upon the trial of a vessel, results indicate that 
improvement is possible if the propeller blades be set to a 
higher or lower pitch than that of the designed driving face. 
In order to provide for such a change the bolt holes in the 
blade pads are made oval, so that ordinarily with large 
blades, the blades can be twisted to mean pitches of about one 
foot more and one foot less than the designed pitch. When 
the blades are set for any other than the designed pitch, the 
new pitch becomes a variable one. If the blade is set for a 
higher pitch than the designed, the new pitch becomes a 
radially expanding one, increasing from the hub towards the 
tips, while if the new pitch is lower than the designed, the 
pitch will decrease radially from the hub to the tips. 

The change caused by alterations in pitch may be obtained 
from the following table (see Peabody’s Naval Architecture) 
by multiplying the original pitch + diameter by the factors 
given in the table for the small angle through which the blade 
is twisted. (Table, page 596.) 

The Hub.—In designing screw propellers it was, up to the 
advent of the turbine, the custom to almost invariably design 
propellers of large diameter with the blades detachable from 
the hub in order that injured blades might be replaced at little 
expense and also that improvement in propulsive efficiency 
might be sought for by providing for slight modifications of 
pitch in securing the blades to the hub. Only in the smaller 
wheels were the blades cast solid with the hubs. With the 
pitch ratios ordinarily in use with the comparatively high 
pitch, slow-turning reciprocating-engine propellers, where the 
hub diameters varied from 20 per cent. to 27.8 per cent. of 
the diameter of the screw in built-up wheels, the pitch angles 
at the hub ranged from about 50 degrees to 58 degrees, while 
with the solid propellers with hubs varying in diameter from 
14% per cent. to 18} per cent. of the diameter of the propeller, 
the pitch angle varied from 67 degrees to 76 degrees at’ the 
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Angle the 

Blade is vr. x hd 3 4. 5°. 6° 
Twisted 

tJ é H é 4 é 6 ; . d . ‘ , 
-2 qd ry ny) é ® ) ® e 
ele; sls]}ststs}etste}e]s]s]3 
siglilaietalalareletaialad 
STE Te ys el sgs el sel els 2s yea 
Qa 6 
0.8 11.25 ]1.07 |0.93 41.15 ]0.85 |1.22 10.78 11.29 ]0.7) 11.37 [0.64 [1.45 | 0.57 
0.9 {11.11 11.07 10.94]1.14 [0.87 11.20 [0.81 11.27 | 0.75 11.34 [0.68 | 1.41 | 0.61 
1.0 11.00 11.06 [0.94/1.12 10.88 ]1.19 [0.82 11.25 }0.76/1.31 [0.70 11.38 1065 
1 





0.90 /1.05 }0.94] 1.11 [0.89 [1.17 0.84 1.23 | 0.78/1.29 [0.73 /1.35 |0.68 





nN 


0.83 11.05 10.94]1.10 [0.89] 1.16 [0.84/1.21 10.79 [1.27 [0.74 | 1.32 | 0.70 





1.3,.]0.77 11.05 }0.95)1.10 }0.90 [1.15 [0.86 [1:21 [0.81 [1.26 0.76 J 1.31 10.72 





1.4 10.71 11.05 [0.95] 1.09 10.91 [1.14 [0.86 [1.20 |0.62 11.24 10.77 | 1.30 [0.73 
1.5 }0.66]1.05 |0.96] 1.09 /0.91 [1.14 10.87/1.19 [0.63 11.24 [076 11.29 10.74 
1.6 |0.62 11.04 [0.96 } 1.09 [0.9) [1.13 10.87 41.18 10.83 / 1.22 10.79 [1.28 10.75 
1.7 10.5914 1.04 [0:96] 1.08 | 0.92 [1.13 10.86/1.17 |0.84/1.22 [0.80 11.27 [0.76 
1.8 |0.55]1.04 }0.96/ 1.08 | 0.92 ] 1.13 10.68 [1.17 [0.84/1.21 [0.81 11.26 10.77 
1.9 10.52 11.04 10.96] 1.08 0.92 | 1.12 (0.88) 1.16 |0.85 |1.20)/0.81 11.25 |0.78 
2.0 |0.50/1.04 /0.96 | 1.08 | 0.92 11.12 | 0.88 | 1.16 O85 11.20 }0.81 11.25 [0.78 
2.) 10.4711.04 10:96 | 1.08 [0.92 [1:12 10.88] 1.16 [0.85 |1.20 |0,82 | 1.24 10.79 





















































2.2 10.45/1.04 10.96 [1.07 10.93/11) (0.69) 1.15 10.85 [120 /0.82 11.24 10.79 
2.3 1043] 1.03 |0:96/107 [0.93 ) 1.11 106.89 11.15 1086.11.19 10.83 11.24 10.79 
2.4 10.42 ]1.03 10.96]1.07 10.93/81! [089 11.15 10.86) 1.19 [0.83 | 1.24 10.80 
2.5 10.40 ]1.03 [0-96 | 1.07 |/0.93] 1.11 10.90 11.15 10.86 | 1.19 /0.83 [1.23 |080 
































Desirable as it is to reduce the diameter of the hub to that 
of the strut boss in order to avoid eddying between the boss 
and strut, it is not always possible to do this with the hubs 
of built-up propellers. The seating of the propeller-blade pad 
in the hub must be circular to permit of pitch adjustments, 
the hub must be spherical to maintain its symmetry of out- 
line when variations of pitch are made, and the seating must 
be of sufficient diameter to accommodate a proper number 
of holding bolts of sufficient strength; finally, the blade pad 
must be of sufficient width to accommodate a blade having 
such a ratio of thickness to width as will prevent excessive 
blade resistance. 


The effect of the above requirements when met for tubine- 
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driven propellers of large diameter and low-pitch ratio was 
to throw the effective blade areas too far out from the axis 
of the hub, thus leading to serious increase in blade friction 
at the high tip speeds employed, and also to bring the 45- 
degree pitch angle of the helical surface well within the 
surface of the hub. In the few cases coming to the notice of 
the writer in which detachable blades were used for these 
high-speed turbine screws, the results obtained were poor, 
but there were other conditions existing in these cases which 
may have been responsible for the poor propulsive efficiency 
realized. 


Location of Blade on Blade Pad. 


In order to provide sufficient space for the blade bolts to 
pass through the pad without cutting into the true working 
face or the working section of the blade, disregarding the 
fillet, it is very often necessary to shift the blade on the pad 
so that the blade axis does not coincide with the axis of the 
pad. To do this, the blade axis may be shifted forward or 
aft of the pad axis along the axis of the hub, or it may be 
swung around the hub to an angular position with the axis 
of the pad, or we may combine the two shifts. 










<> 
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Az Pod axis. 
B* Blade axis. 


Fic. 5. 
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Whatever is done, in this way, care must be taken that the 
axis of the generatrix shall always remain coincident with the 
axis of the hub. The writer has met with many cases where, 
in order to give sufficient space for the blade bolts, the blade 
has been moved to one side or the other of the pad axis, the 
axis of the blade remaining parallel to the axis of the pad, but 
the axis of the generatrix becoming transferred several inches 
to one side of the hub axis to which it remains parallel. 

Material of Blades——The materials of which propeller 
blades are made are cast iron, cast steel, forged steel, manga- 
nese or some other strong bronze, and monel metal. 

Cast iron is used for the blades of propellers which work 
under conditions rendering them very liable to strike against 
obstructions. When so striking, the cast iron being weak, 
the blade breaks and, by so breaking, saves the shafting or 
the engine. Its disadvantages are extreme corrosion in sea 
water, heavy blade sections and blunt edges due to the weak- 
ness of the metal. 

Cast steel is stronger than cast iron, but has the same dis- 
advantages although in a lesser degree. 

Forged steel was formerly used in some instances for 
torpedo-boat propellers, but is not met with in present-day 
practice. It also possessed the disadvantage of excessive 
corrosion with consequent roughening and weakening of 
blade. 

Manganese bronze and other strong bronzes. These ap- 
pear to be all that may be wished for in propeller material. 
They are of high strength, permitting a low ratio of thickness 
to width of blade, can be brought to a sharp edge and can be 
highly polished, while the corrosion to which they are subject 
is comparatively slight. They also cast without difficulty, 
giving blades free from porosity and blow holes. They may 
exercise a strong corrosive action on a steel hull if care is not 
taken to protect the hull in their vicinity by zinc plates. 

Monel metal is extremely strong and tough, permits of very 
light blade sections and sharp edges, takes a very high polish 
and is practically non-corrosive in sea water. These quali- 
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fications are all very desirable in a propeller metal. It has, 
however, the undesirable qualities of heavy and irregular 
warping of the blades when cooling in the mold, and a ten- 
dency to porosity around the tips and blade edges. On ac- 
count of the tendency to warp, it is very difficult to insure the 
desired pitch unless the blade be cast with a large amount 
of waste metal which will permit of pitch correction in 
machining. 

Material of the Hub.—Hubs are usually made of cast iron 
or semi-steel for cast-iron or cast-steel propellers; of semi- 
steel for the poorer classes of work, and of manganese bronze 
for the better class, with manganese bronze blades; of man- 
ganese bronze or of monel metal for monel-metal blades. 
Where the propeller is cast solid, of course the hub is of the 
same material as the blades. 


General Requirements for Propellers. 


For all propellers except those made of cast iron or cast 
steel, the blades should be polished in order to reduce surface 
friction. With cast-steel and cast-iron blades, however, as 
they are usually used for work where the speeds of revolution 
and tip speeds are low, the loss due to roughness of surface is 
not very high and it is preferable to retain the hard skin of 
the casting as a guard against corrosion than to sacrifice it 
in order to gain an advantage which would be only temporary. 

Where blades and hub are made of one of the strong 
bronzes or of monel metal, both blades and hub should be 
polished, the blades be made as thin as is consistent with 
strength and the blade edges sharpened. 

For work of the highest class and where the speeds of revo- 
lutions are high, the blades should be machined to true pitch, 
the backs of the blades finished to template and the blades 
polished to as smooth a surface as possible. The propeller 
should then be swung upon a mandrel and accurately bal- 
anced, as lack of balance will produce excessive vibration 
when the speeds of revolution are high. In some cases, in 
order to insure a smooth blade surface, bronze blades are 
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silver plated. This, however, seems of doubtful expediency. 
It insures smooth blades for the trial trip but it is doubtful 
if the silver plating would remain on the blades for any con- 
siderable length of time. 

Number of Blades.—Froude in his experiments with model 
propellers in the model tank demonstrated that two-bladed 
propellers are slightly more efficient than three-bladed ones, 
and three-bladed than four-bladed ones. These results have 
since been verified by Taylor, who states that “‘efficiency was 
inversely as the number of blades.”’ 

Using three propellers, one of two blades, one of three, and 
one of four, with all blades of the same form and area, the 
total area of the four blades will be represented by unity, 
that of the three by .75, and of the two by .5._ The resultant 
thrusts, however, will not be in these same proportions. That 
of the four-bladed will be unity, of the three-bladed .865, and 
of the two-bladed .65. The above results suppose the pro- 
pellers to be alike in all respects but number of blades and 
total blade area. 

A two-bladed propeller should never be used except for 
very small sizes, as it tends to produce heavy vibration. 
When used for large sizes it is usually in cases where the 
vessel is fitted with a lifting propeller which is drawn up into 
a propeller well when the vessel is under sail. 

Three-bladed propellers appear to be the most desirable for 
general service. The blade area when distributed among 
three blades gives a wider and finer blade than if distributed 
among four, and where detachable blades are used the hub 
is smaller than with four blades. 

Four-bladed propellers are recommended for use in cases 
where there is such a great difference between the maximum 
and minimum load conditions of the vessel that in the latter 
condition a greater portion of each blade is above the surface 
of the water during the upper half of its revolution. The 
greater number of blades in this case will tend to make the 
screw run smoother. 


In some case of multiple screws, some of the screws have 
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been made three-bladed and the remainder four-bladed, in 
order to break up synchronism of vibration, and thus have 
the resultant vibration of the hull due to the propellers 
reduced to a minimum. The results obtained are stated to 
have been satisfactory. 


PROPELLER DESIGN. 





. a r 9 » ai 2 = 
Montana, North Carolina, Effect of change in Pitch. 


Fic. 6. 
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Some Points Governing Propulsive Efficiency. 


1. Effect of excess pitch. Shown by Fig. 6.—Gain in pro- 
pulsive coefficient at low powers. Loss in propulsive coeffi- 


cient at high powers. Both sets of propellers having blades 
exactly alike. 
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Effect of variation in amount of blade surface. Blades of standard form. 
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Effect of varying distribution of Power oa Shots, US.S. Chester. 
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Eftect of position of propeller, + Shaft arrangement. 
FIG. 9. 
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2. Effect of variation of blade surface.—Least surface: 
greatest efficiency at low powers; rapid loss of efficiency as 
power increases; least efficiency and cavitation at high 
powers. Blades all of same form, which was the standard 
form. Maximum surface: greatest efficiency and smoothest 
running at high powers; lowest efficiency at low powers. 
Lowest tip speeds for equal indicated thrusts per square inch 
of disc area with the other screws. See Fig. 7. 

3. Effect of variation of power distribution on four-shaft 
installation.—One H. P. ahead turbine on each outboard 
(wing) shaft. One L. P. ahead, one backing and one M. P. 
cruising turbine on one inboard shaft. One L. P. ahead, 
one backing and one H. P. cruising turbine on other inboard 
shaft. See Fig. 8. 


™O 840 900 ©6920 «6940 


Showing effect of position of propeller on its performance. 
A, Dead-wood aff cut aney, Center Serew working well cleor of hull. 
B, Center Screw working in wake of ond close te stern post. 


FIG. 10. 
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4. Four-shaft arrangement.—All propellers of the same 
dimensions. Effect of position of propellers in relation to 
the hull on the power and revolutions. See Fig. 9. 

5. Cases Aand B. Three-shaft arrangements.— 

Case A. Dead wood cut away. Center propeller working 
in locality well clear of hull. 

Case B. Dead wood carried well aft. .Center propeller 
working immediately in wake of stern post. 

Center propellers of same dimensions as wing ones and pro- 
peller of Case A almost identical in dimensions with Case B. 
See Fig. ro. 

6. Effect on propulsive efficiency of location of propeller 
when operating in the wake of a full after-body. 

An interesting problem of the above conditions has recently 
arisen in the case of a self-propelled barge constructed for the 
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Navy Department. ‘The block coefficient of the hull was 
.9, the after body being very full. 

The propeller, as first fitted, was located as shown by the 
dotted lines in Fig. 11, the hull lines shown being those of the 
actual vessel. 

The contract speed of the barge was six knots, but, 
although a series of seven propellers was tried, the maximum 
speed obtained was only approximately 5} knots. 

After thoroughly considering the conditions, it was deter- 
mined that the best chance of success, at the least expense, 
was offered by relocating the propeller so that a better flow 
of water from forward to it would occur. This idea was 
adopted, and the propeller was located as shown by the 
full lines of Fig. 11, the shaft being given a very heavy 
inclination. 

After this change had been made, the vessel was again tried 
and a speed of approximately 6} knots was realized with 
about the same power and revolutions that had given 5; 
knots under, the original conditions. 

The results of the various trials and the data of the pro- 
pellers used are given in the following table, the trial marked 
No. 8 being the final successful one. 


U.S. N. Om Barce Nos. 2 AND 3, COURSE ON CHESAPEAKE Bay. 









Prop. Nos. I 2 | athe oe | 5 fa 6 . 8 
SESE. ue Bee | 


‘a Date. . Meese 


9-27-11|10-5- i 107-11 10-13-11 LO“1Q— 11 10-24-11 1-6-1 12-20-11) 5-38-12 
























Dia. of wheels....| 5’ 6” 6’2 Ol See te Oa | ae as aa 6 et as | 6/9" 
Pitch, ; .ji69s3 se ; Pe ieee De, has ge Me pis a Wey: 6 36" Lye | 3’4” | 3/6" 
i No. of blades..... Jong ait eee proeee Ceeene Yor Bs - Re 7 io 
| Dev. area sq. feet.| 12.92 | 10.0 | 6.58; 8.58 | 13.33 13.33 | 15.21) 20.28 | 14 
“ Proj. areasq. feet.| 11.72 | 9.42) 6.0 | 8.0 | 12.13; 12.13 | 14.64 19.52 | 13.2 
4 Aver. steam...... 11.25 |110 107.5 (115.2 | 122.6 | 123.7 1125 125 129.53 
Reh MM, checpatats ie 204.3 212.9 210.5 208. 2 | 200.75 | 207.602228.65 205.95 |200.27 
SMD %. seikce wae 49 30.4 | 36.4 $30.8 | 23.8 | 26.7 | 26.15 | 22.5 | 12.56 
‘ ADL staan 133.78 |149.92 130.95 144.74 | 152.24 | 160.0 172.67 175.47 177. 64 
Speed knots...... | 4.4151 5.117) 4.695) 5.10 | 5.136 5.258 5.045 5.24 | 6.235 
| | ] | | | 











Propeller number marked * is Official Trial. 


No. 8—Line of shaft so modified as to bring lower blades of propeller well below keel 
of vessel. 
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Choice of Charts to Use in Design and Method of Using. 


Chart 5. To be used when tank curves of FE. H. P. are 
available for use in design. 

Chart 6. To be used where estimated J. H. P. and speed 
are available, there being no model-tank curves at hand. 

Chart 7. To be used when tip speed is 5,000 feet per 
minute and lower. 

Curves of P.C. on Plates 3,5,and 7. These values are for 
blades of bronze or equivalent metal, as thin as possible, 
machined to pitch and highly polished. Should the blades 
be less carefully finished, the J. H. P. obtained by the charts 
should be slightly increased, especially for Chart 5. 


NOMENCLATURE USED IN FORMULAS. 


= Indicated horsepower applied to one screw. 

.g2 I. H. P.=Shaft horsepower applied to one 
screw. 

Effective horsepower to be delivered by one pro- 
peller = (effective horsepower necessary for the 
bare hull) X (1+ percentage appendage resist- 
ance obtained from Plate 2) + the number of 
propellers fitted. 

P. C.=Propulsive coefficient in per cent. 

I. T.,= Pounds indicated thrust per square inch of disc 
area. 

I. T.,=Pounds indicated thrust per square inch of pro- 


jected area. 


P.A. . : 
DA = Projected-area ratio. 


P. T.=Pounds propulsive thrust per square inch of pro- 
jected area. 
E.T.=Pounds effective thrust per square inch of pro- 
jected area. 
P= Pitch of propeller in feet. 
D= Diameter of propeller in feet. 
s=Apparent slip of propeller expressed as a decimal. 
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S=Speed of ship in knots per hour. 
T.S.=Tip speed of propeller in feet per minute. 
R= Revolutions of propeller per minute. 


I. H. P.X33,000° _ _S. H. P..X 33,000 (1) 
PXRX4eD?X144. PXRX1aD?X144X.92 : 


I.T.5= 








(2) 
E.A.P.. &.H.P.X.92 
EH.  :. Saddle Pe 
P.T.=I1.7T., XP. C. 


pope: 
r—5 


P.C.= 








EE. I. = 





PXRXI.T.;. 
i hes 


Bh, 


_101.33XS _ 101.33SXE.T. 
tay a re Fe Hie 4 P.T. 
E.H.P. 

rc. 


Piel oe bop 
ciliata cit Mat JT ela 89 


Substituting in (6) we have 
D= |__29!: 8X. H. P.XP.T.XP.C. 
P.C.X 101.33 XS XE. T.XP. T.X —— 








I.H.P.= 








‘PA. 
D.A. 
-2.88XE.H. P. 

jt, 





5 pcos 


Tv 
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—~PXRXD. _ 101.33 XS XE. T.X aD. (14) 
4 A Ae y 2 


The work as laid down is for three-bladed propellers. 
Should a four-bladed screw be desired for special conditions 
under which the propeller is to operate, multiply the E. H. P. 
of the hull (all appendages) by .865, and use the product as 
the £. H. P.in the calculations. Multiply the projected area 
of the propeller, thus obtained by 4/3 and the result will be 
the projected area of the desired four-bladed wheel. 

Should a two-bladed wheel be desired divide the E. H. P. 
by .75 and take 2/3 of the projected area of the basic three- 
bladed propeller obtained by the calculations as the pro- 
jected area of the new two-bladed propeller. 

The efficiency of the four-bladed wheel will probably be 
slightly less, and that of the two-bladed one slightly greater 
than that of the three-bladed wheel, but the two-bladed wheel 
would be unsatisfactory for use in rough water where the 
vessel would be subjected to heavy rolling and pitching. 





Propellers of Reduced Diameter. 


In many cases of design, after computing a propeller to 
absorb a certain amount of power at a given number of 
revolutions, it will be found that, due to necessary restrictions 
the deduced diameter cannot be carried, and it becomes 
necessary to calculate a secondary screw of less diameter, to 
absorb the designed power without exceeding the designed 
number of revolutions. 

An investigation of the performances of propellers where 
the diameters after preliminary trials have been slightly 
reduced, accompanied by a slight reduction in pitch, shows, by 
comparing the performance before reduction with that after 
the reduction, that where equal powers are applied to the 
screws, the 





Revolutions after reduction _* /Diam. before reduction 
Revolutions before reduction Diam. after reduction 


: Rs» (2)) 
Ki Nae 
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and that 





Apparent slip after reduction __ sx _ (5) 
Apparent slip before reduction s; \D; 


Now, if the primary screw (before reduction) has a differ- 
ent tip speed than the secondary screw (after reduction), 
-when absorbing equal powers, the tip speeds will have the 
following ratio: 


TiSs oH 7; mRiD, D, 
of te Dz=D,X A? 


TS 4 _ RD: _ Dr Py" = (P)’ 
2 1 


Are A2X oct n'a Rare Rat A. 
Ri 

Assuming that the total projected areas are the same in 
the two cases, which can be done safely, as the primary 
screws under discussion were narrow tipped, so that the re- 
duction of area due to the reduction in diameter was very 
small; and, as a slight correction has been allowed in the 
revolution and slip exponents to allow for the slight increase 
in the area of the secondary screw necessary to bring it equal 
to that of the primary one, the equation for projected-area 
ratios takes the following form: 


PAs PAs 
EAd. lita 


re PR: (FZ wit 8 Sgt 
xX(t— = 
Ds 


I 
DAG Day DA. A 





oe I ae F 





The apparent slip and the pitch relations of the two pro- 
pellers will be expressed by 


2 a ()'= Biel 5 foe P,=P,\XA. 
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RULES FOR ENTERING THE PLATES OF DESIGN. 


1. Should the diameter of the propeller be limited, not to 
exceed a certain value D, and the designed revolutions of the 
propeller to have a certain value R, the allowable maximum 
tip speed with this limiting diameter and revolutions will be 
T.S.=x7DXR. Enter Plate 5, Plate 6, or for low tip speeds, 
Plate 7, with this tip speed, and use the values of E. T., P. T., 
and P.C.on Plates 5 and 7, or J. T. per square inch disc area 
and per cent. apparent slip, Plate 6, on the same ordinate 
as the limiting tip speed, in obtaining the trial propeller. 
Should this trial propeller be found to have fewer revolutions 
and greater diameter than the limiting diameter and revolu- 
tions, solve for a series of propellers, very gradually increasing 
the tip-speed values, until the desired propeller is obtained. 
Should the diameter be less and the revolutions greater than 
desired, solve in a similar manner but with the tip speeds 
gradually reducing. Should the diameter be much greater 
and the revolutions much less than the limit for the limiting 
tip speed, the problem becomes one of ‘‘ Reduced diameter,” 
similar to problems 1 and 2, given later. 

Steam launches, colliers and other vessels whose speed does 
not exceed 14 to 15 knots, and where the limit of diameter is 
small or the revolutions of the propellers low, not exceeding 
100, usually produce problems of ‘‘ Reduced diameters.”’ 

Rule 2. For vessel of moderate speeds, from 15 to 21 
knots approximately, and with revolutions and diameter 
limits such that the tip speeds are not less than approximately 
PA; 


5,000 feet, enter Plate 5 or 6, with a value of DA 


=.3 to 


A rae : ere > Pa ES 
obtain the initial screw, increasing Da’ decreasing it in 


the series of propellers according to whether the revolutions 
of the initial screw are less or greater than those desired. 
Rule 3. For destroyers, scouts and torpedo boats where 
the tip speed varies from about 7,400 to 8,500 feet, enter the 
plates of design with ae =.35 for the initial propeller. 


40 





612 SCREW PROPELLERS. 


Rule 4. For turbine-propelled battleships and other large, 
heavy vessels of approximately 21 to 22 knots speed, enter 


the plates with an =.50 to .55 for the initial propeller, 


usually following with increased values of fon or solving 
for reduced diameters. 
Rule 5. For scouts and destroyers of high speed, enter the 


plates of design with me =.55 to .60 for the initial screw. 


In the case of four-shaft vessels, the wing screws may be 
designed separately from the inner ones on account of the 
difference in conditions under which they operate. Usually, 
however, for initial economy and reduction in the number of 
spares, they are built alike as the differences in the deduced 
screws will be found very small. 

Rule 6. Use Plate 5 for design when the E. H. P. curve of 
the vessel is available; when it is not, and the estimated 
I. H. P. and speed are given, use Plate 6, For tip speeds 
of 5,000 feet and lower, use Plate 7. 


PROBLEMS FOR THREE-BLADED PROPELLERS. 


Problem 1. Limited diameter, low tip speed.—Required a 
propeller for a launch whose nominal block coefficient is .3638 
and whose ratio of immersed beam to length on load-water 


line, SEE is .2625. The estimated speed is 63 knots, revo- 


lutions 500 per minute, and I. H. P. 21.74. There is one pro- 
peller, working directly in wake of, and close to, the stern 
post. There are no E. H. P. curves available and the J. H.P. 
is an estimate. Maximum diameter allowable = 24 inches. 
In this problem, the J. H. P. is only an estimate of the 
power required, and, as no E. H. P. curve is furnished, the 
question of propulsive coefficient is entirely eliminated from 
the problem. If the estimate of power for speed is too low, 
the propeller obtained will be too small, the slip will be higher 
than estimated and the boat may fall below speed. Should 
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the estimate be too large, the propeller will be larger and have 
more surface than is required, the revolutions will decrease, 
the slip will decrease, and the power required per revolution 
will increase. In cases of launches and, in fact, in all cases in 
general, it is preferable to make the screw slightly larger than 
is absolutely necessary for trial conditions, as it will be all the 
better for heavier displacements than that of the trials. 

The tip speed of this problem being very low, and the diam- 
eter very small, it is probable that the propeller obtained 
directly from the calculations, as necessary to absorb the 
designed power at the required revolutions, will be of con- 
siderably larger diameter than can be carried, and therefore 
the tip speed for this basic propeller will be higher than that 
of the actual propeller. 

To ascertain this fact we solve the problem first for a pro- 
peller having the same tip speed as the final screw, namely, 
3,142 feet per minute. 

Having corrected the block coefficient by Plate 1, for vari- 


ation of er from. the standard value, and for the posi- 


tion of the screw, using the intersection of line Z, Plate 1, 
with the line passing through the abscissa value unity and 
the plotted position of the nominal block coefficient on Plate 
1, we find that standard block coefficient curve of apparent 
slip to use in the computation is .715. 

Turning to Plate 7, and passing an ordinate through the 
3,142 point on the tip-speed curve, it will be found to inter- 
sect the base at an abscissa value of J. 7.,=.56, the P. T. 
curve at 2.08 pounds, and the FE. T. curve for B. C.=.715 at 
2.225. 


The value 1—slip=1—s,= jee = .9348. 


The speed being 6} knots, 101.33 X S'= 101.33 X65 = 658.65. 





Pitch X Revolutions = PXR = *2%:33 a 704.6 
I—S; 9348 
The J, H. P.=21.74 by the estimate. 
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VE _ | 291.8I.H.P._ f291.8X21.74 _ 
Diam.; = PXRXIL.T x 704.6 = 4.01 feet. 


Tip Speed 3,142, 
aD wxX4.0r "94 
_~PiXR XD, _ PiXRiXrD, ri 


ne ee. ee 


658.65 X 7X 4.01 
3,142 
As is seen, the diameter of the propeller above is much 
larger than can be carried by the boat and the revolutions 
are far below those desired. In order to obtain the proper 
propeller we proceed as shown in columns 2, 3, 4 and 5, 
column 2 being taken as the example to explain in the 
following. 
The tip speed of the theoretically necessary blade is 
assumed as 3,300 feet. 











Revolutions, = 








= 2.825 feet. 


The ratio A = ae is the ratio existing between the theo- 


retical full-length blade-tip speed and the tip speed of the 
reduced propeller, and equals .9521. 

The reduced propeller and the theoretical propeller, in order 
to hold to the conditions from which the reduction factors are 
obtained, must have the same total projected area, so that 
the projected-area ratios will vary inversely as the squares of 


the diameters or inversely as A*, so that at of final pro- 


peller will equal a of theoretical propeller + A‘. 


As pointed out previously, experiment has shown that 


D=D,XA’, R=R,+A, s=s,+A’*, P=PixXA 
and ; 
PrAL ec Pons 


a ee 4 
DA DA?" 





Passing the ordinate on Plate 7, through the tip-speed 
curve at a value of 3,300 feet, the J. T., and the P. T. for 
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.715 will be found to be .63 pounds and 2.35 pounds while 
the value E. T.=2.51. 


5 iy Pot. 
The slip for the theoretical screw being 1 — ET” .0638, s, 


that for the final screw will be s= 


from this value of s, we obtain the value of PX R=P,XR,. 
As before, S=6}, 101.335 = 101.33 X65 = 658.65. 

PXR = 658.65 

I —.09445 
I. H. P.=21.74. 
on 291.8].H.P. = [203X211 
™ NPXRXIT.p 727.3X .63 

Tip Speed _—s_ 3,300 
wD: = © X3.721 
, PiXRiXnD; _ PyXR, XD, _ 
Fitch = fa Re TROOP Sy 


727-3 X* X3-721 2.576 ft. 
3,300 


The diameter obtained is too large. The resultant diam- 
eter for the final propeller of 3,142 feet tip speed will be 
3.721 XA? =3.373 feet. 

The pitch of the final screw will be that of the theoretical 
one, 2.576 XA =2.453 feet. 

The projected-area ratio will be— 


= P\X R\=727.3. 








3.721 ft. 





Revolutions = = 282.3 








.2+A‘=.2433. 


The revolutions of the reduced propeller will be 282.3+A 
= 282.3 +.9521 =296.5. 

This propeller of reduced diameter has therefore the fol- 
lowing characteristics: 


Diameter = 3.373 feet. 
Pitch = 2.453 feet. — 


P. A. 
D. A. ~ 2433: 


Revolutions = 296.5. 
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This propeller is too low in revolutions, so it is necessary 
to obtain several others of different assumed theoretical tip 
speeds as indicated by columns 3, 4 and 5, and lay down curves 


mi ‘ = : PAPA, 
of Pitch-Diameter, Revolutions-Diameter, D4, Diameter, 


using the reduced diameter as abscissa, from which curves 
the propeller of the desired revolutions can be selected. 


PROBLEM 1. 








| 39142 | 3,142 
| 3,700 | 4,000 

.2 fe 2 
.74 86 | 1.07 
2.74 3-17 3-92 
2.92 3.37 4.16 
-9383 | .9406 -9423 
.0617 .0594 .0577 
8977 .8492 - 7855 
.8059 | .7211 .6170 
.6495 . 5200 .3807 
.4218 | .2704 - 1449 


1463 | .2196 3981 
6.5 6.5 6.5 
658.65 | 658.65 658.65 
771.5 | 844.0 1638.8 
21.747]. 21.74 21.74 
3.333 2.956 1.902 feet 
2.686 | 2.132 1.174 feet 
2.308 | 2.119 2.448feet 
2.072 | 1.799 | 1.923 feet 
334-4 308.4 669.4 
372.5 469.1 852.2 
.308 | = 13846 15253 


Problem 2.—Cargo steamer to steam constantly at 14 
knots; twin screws.—Revolutions for that speed to be about 
go per minute. EE. H. P. of bare hull for 14 knots=3,500. 


, FOS: HoBa dls. * 
Nominal block coefficient =.78. Lwii7}?7: Coeffi 
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cient of immersed midship section=.98. Total power of 
engine 4,050 per engine with revolutions not exceeding 98. 
Required propeller and J. H. P. for the 14-knot condition and 
for maximum power. 

The vessel plots in Plate 1, at point marked A, and the 
corrective line through A cuts X at a block coefficient value 
of .665, which, as the standard coefficient of immersed mid- 
ship section at C agrees with that of the vessel under consid- 
eration, is the block coefficient line of £. T. to use. The 
plates of design to use are Plates 7 and 5, as the model-tank 
curves of E. H. P. are available. 

The maximum diameter allowable is 16 feet 6 inches, im- 
posed on the propeller by the necessity of keeping a certain 
depth of immersion of blade tips and a sufficient clearance 
between the blade tips and the hull. At go'revolutions the 
tip speed for this diameter will be 4,665.24 feet per minute. 
This tip speed is low, and it may be found that the problem 
is one of reduced diameters, as in Problem 1. 

As the E. H. P. given is that for the bare hull, it must be 
corrected for the increased resistance due to the appendages, 


which, by referring to Plate 2, for a of .127, we 


B 
L.W.L. 
see to be approximately 13 per cent. Therefore the total 
E. H. P.=3,500 X1.13 =3,955. 

The vessel is to have twin screws, hence the E. H. P. to 


be delivered by each propeller at 14 knots= 3955 = 1,978. 


As the tip speed is low, it may be found that the problem 
becomes similar to Problem 1, therefore the form of compu- 
tation is prepared as in Problem 1. 

Should it be estimated that the designed power of the 
engines for 14 knots is very close to the maximum possible 
power, the propeller may be calculated for the 14-knot con- 
dition, as in the first column of the tabulated form of com- 
putation for Problem 2. Should the estimated overload be 
large, as it is in this problem, the overload condition should 
be used in the design, as in the second and following 
columns of the tabulation. 
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Entering Plates 7 and 5, with tip speeds of 4,665 and 5,080 
feet per minute, which are the tip speeds corresponding to the 
allowed maximum diameter and the desired revolutions, it 
is seen from Plate 7 that for 4,665 feet tip speed the P. T., 
E. T., and P. C. are 5.9 pounds, 6.4 pounds, and 72.7 per cent. 
For a tip speed of 5,080 feet, the corresponding values from 
Plate 5 are 7.14 pounds, 7.85 pounds, 71.2 per cent., and 
.2075. In both cases, the values of £. 7. are taken for the 
standard block .665. 

From the E. H. P. curves, corrected for appendage resist- 
ance by Plate 2, the speed corresponding to 8,100 H. P.= 


4,050X2 is 15.55 knots, the £.H.P. for one propeller being 
ste X .712 = 2,884. 


Solving the first two columns by using this primary data, 
the P:, D, and R, are found to be 


For 4,665 feet T. S. For 5,080 feet T. S. 
18.11 feet 
18.28 feet 19.40 feet 


89.3 


It is evident from the above results that the propeller 
obtained in the first column is of too small diameter and 
pitch to efficiently absorb the total estimated power of the 
engines, and to hold the revolutions at that power down to 
the desired revolutions.. Column 2 is therefore taken as the 
basic screw and columns 3, 4 and 5 are solved, according to 
the method of solving for “reduced diameters.” 

The method to be followed in this solution has been fully 
explained in Problem 1, and will not be described here. 

Having obtained the secondary reduced propellers in col- 
umns 3, 4 and 5, the results may be shown graphically as 
curves, using reduced diameters as abscisse, and for ordi- 
nates using the corresponding pitch, revolution and pro- 
jected-area ratio values, and the resultant propeller for 16.5 
diameter be taken directly from these curves. 
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The characteristics will be found to be approximately 


D=16 feet 6 inches Revolutions = 98 
P=17 feet 9.6 inches H. P.=8,100 


i Slip = 12 per cent 
: Speed =15.15 


PROBLEM 2—A-D. 





| For con- 

| tinuous For overload—8,100 H. P., 
| cruising 98 revolutions. 

| ati4 Design on Plate 5—line A-D. 
knots. 


24 aie | ie? | 5,080 5,080 
24 | . | 5,200 | 5,400 | 5,600 
| | .9769 | .9407  .9071 
.9544 | .885 .82291 
.9108 | .7832 | .6787 
.8296 | .6134 | .4606 
| 215 
5.9 |.7 7.22 
6.4 Te 7.98 : 
.9218 ; | .9047 i . 9000 


O72 |. | .0953| . |, 1000 
.0904 .1149, |. .2181 


| 
14 | 15-55 15-54] 15.52 | 15.5 
1,418.62 tbs 5575-9 1,574.7 | 1,572.6; 1,570.6 


1939 [407322 1,740.4 | 9755-3) 1474501 


.0782 


14 | 15.55 pit 14.38 | 13.48 
1,978 | 2,884 | 2,872 | 2,855 


ae 7 ie ae fs SRE HY 17.63 | 18.11 | 47. vex 16.93; 16.32 
1 } 
aicgith XE. T., | 


| 
pt 
| 
| 
- 


17.63 18.11 | 16.83; | 14.98: 13343 
P,= we foe iXrD,+T.S | 18.28 19.40, 18.55} 17.29 15.98 


18.28 | 19.40; 18.12 | 16.26 | 14.5 

84.21 89.3 93.83 | 101.5 | 109.3 

84.21 | 89.3 | 96.95 | | 107.9 | 120.5 

.2 .2075 | .2361 | .2873 | —.3508 
I. H. P.=B. HP. + PCoef...| 2,721 | 4,050 | 4,050 | 4,050 | 4,050 
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A successful propeller fora vessel very similar in form to 
the vessel under consideration and for very similar conditions 
had the following characteristics and results. 


D=16 feet 6 inches H. P.=8,400 
P=18 feet o inches S=15.5 
; Revolutions = 98.2 
Slip = 11.14 
In order to obtain the approximate revolutions and power 
of this propeller at 14 knots, assume that the speed will vary 
as the revolutions and that the power will vary as the cube 
of the speeds: 
ie re ee ie Pr ge ear Be 
Ki: : ee See 
Beeld: Pes, B00, 2 1 
R: 98 :: 14 315.15 
l.H.P.= 8,190 14" = 6,392 
15.15 
re 98 X14 


= 90.56 
15.15 ~s 


Problem 3.—Vessel of nominal block coefficient of .65, 
at eo ‘ b . . . 
gy =.196. Coefficient of immersed midship section= 


.94. Estimated J. H.P.=12,000 on two propellers. Revolu- 
tions of main engines at that power=116. Estimated speed 
17 knots. Required propeller for the estimated conditions. 
Diameter of propeller not to exceed 17 feet. 

Tip speed at this diameter and 116 revolutions =6,195. 
Use Plate 1 for block correction, and Plate 6 for propeller 
design, entering Plate 6 with tip speed allowable, namely, 
6,195 feet per minute. Corrected block =.67. 





PXR= 
tH. P.| S 101.33 S| 101.335! D 


~ | I—s 


| 
P | R 
| 


i 
| 
| 
| 
| 
| 


| 6,000! 17 | . 1,722.6 | 1,935.2| 16.76 | 16.45 | 117.6 

6,000; 17 | . 1,722.6 | 1,918.3 | 17.99 18.6 | 103.1 

6,000| 17] . 1,722.6 | 1,929.0} 17.11 | 17.05 | 113.1 

6,000 | 17|. 1,722.6 | 1,933.3 | 16.82 1116.59 | 116.6 
| | 
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By plotting— 


Diameter = 16 feet 103 inches 
Pitch = 16 feet 72 inches 


Revolutions = 116 


Suppose the limit of diameter to be 16 feet 9 inches, and 
it is desired to have a propeller of higher P+ D value than is 
obtained directly as above. In such case, the problem can 
be extended as one of ‘‘ reduced diameter.”’ 

Problem 4.—Battleshipto make 21 knots. Total E. H. P. 
(all appendages) 15,200; twin screw; revolutions 125 per 
B 
thas.’ Ws 
immersed midship section are standard, as per Plate 1. Re- 

quired propeller and J. H. P. 


Use 4 =.3 for initial propeller. Design with Plate 5. 


minute. Block coefficient .6. and coefficient of 


As, in such vessels as the above, a diameter of nearly 19 
feet can usually be carried, the propeller is obtained at once 
without having recourse to the ‘‘reduced diameter” condi- 
tion. The propeller of .32 ao: may be taken, or the results 
may be plotted on diameter as abscissa, and the final pro- 
peller be taken from the curves so obtained. (See page 622.) 

Problem 5.—(High power, 2, 3 and 4 propellers.) Battle- 
ship, 2, 3 or 4 propellers, power divided equally between the 
shafts. Hull of standard block ratios, block coefficient = .64. 
Designed speed 22.5 knots. E. H. P. (all appendages) for 
this speed 25,000. EE. H. P. (allappendages) for 15 knots= 
5,250. Required J. H. P.,S.H.P., propellers and revolutions 
for full power with equal division of power on shafts, and 
determine power and revolutions for 15 knots speed. 

Block coefficient for center screw, from Plate 1, the dead 
wood being cut away=.668. (Use Line Y, Plate 1.) 
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2-shaft 3-shaft 4-shaft 
E. H. P. on one propeller= 12,500’ 8,334 6,250 


I. H.P.= sy = 47,000. S.H.P.=I.H.P.X.92=43,240. 





Should we desire revolutions higher than those obtained, 
solve for higher values of mae or the ratio 5 can be increased 
by solving for ‘‘Reduced Diameter.’”’ The method to be 
followed in this latter case is as described below, there being 
so little difference between the wing and center or inner 
screws, that they may be taken as similar. See page 622. 


Suppose it is required that the value 5 =.9. Taking .50 


= a: on Plate 5, with its corresponding values of E. T., P. T., 
P.C.and T. S., as the primary data, assume varying values 
of T. S. for the reduced propellers. From the ratio A be- 
tween the tip speeds the values of the apparent slips for the 
reduced screws are obtained as s= te 

Solving the problem for three shafts, with the reduced pro- 
pellers, a speed of vessel of 22.5 knots must be realized, 
therefore PXKR=PiXR,= tO33 XS = OL SAZES 
101.33 XSi 

I-s; ~ 





and this must equal 


Therefore, as I—s, = ~ (values from Plate 5), 


F. 
E.T. 
PXRX(1—s,) _ PiXRi (1-51) 
101.33 ss 101.33 ‘ 








5S; 


The values of S; so obtained are used in the equation for 
the primary diameter, 







oy enpears 


ae 2.88 E. H.P. , where £.H. P. =8,334 in this case. 
D. Aw 
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50 .50 .50 .50 | 50 


10,520 | 10,520 | 10,520 | 10,520 | 10,520 
9,600 9,800 10,000 | 10,200 10,400 
.9127 -9316 | .9505 ‘ 3 


8331 .8678 | .9036 9401 -9773 
.6941 -7531 | .8164 8837 9551 
.4817 5671 . 6666 -7810 9122 
9.32 9.32 | 9.32 9.32 9.32 
11.15 1n.15 | TE.45 14.15 || 11.15 


.8359 .8359 .8359 8359 .8359 











1641 1641 | 1641 1641 1641 


-3359 | .2848 .2417 | .2068 | 1771 
22.5 | yy ea eae ce | 22.5 22.5 

| 2+279 .93 | 2279.93 | 2,279.93 | 2,279.93 | 2,279.93 
| 34433.1 | 3,186.4 | 3,006.7 | 2,874.4 | 2,770.6 


=PXRX(I= 51) | 28.32 | | 24.8 23.71 | 22.85 
101.33 | 


12.33 | 12.8 13,17 13.47 | 13.72 








10.31 ot ts 11.95 12.72 13.43 
12.66 12.2 | 11.85 11.59 11.38 


11.55. | 11.36 | 11.26 11.24 | 11.25 
271.1 | 261.1 253.7 248. | 243.5 


296.5 | 279.8 | 266.4 255.3 | 245.8 
-6589 | .6077 5615 | 5195 


.532 . son: ee 


| | | 
—c 47,000 | 47,000 | 47,000 it? seaehies 
S. H. P.=H. P.X.92 | 43,240 | 43,240 | 43,240 | 43,240 





To extend this to four shafts, as the tip speeds, P. T., 
E. T., and ne are constant, the variables D,, P, will vary 
directly as the vy E. H. P. absorbed by the propellers under 
the two conditions, that is of three and four screws, while the. 


revolutions will vary inversely as the diameters: 


ieee ASA a: he ARN A aS aM 
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Thus | 5 Seeh = DEY 


{ 8.929 
; — | 9.656 
Di=DyX,|8259 = {11.95} X , ty = {10.35 feet. 
8,334 ; 8,334 11.02 
11.63 


P will vary in the same manner, so that 
(11.55 [10.01 


11.36 9.842 
6,250 _ 411.26} X (2 =}; 9.755 feet. 
8,334 |11.24 85334 | 9.731 
11.25] 9-742 
The revolutions will vary inversely as the diameters, hence 
296.5 (3.42.5 
——— |279. <=) 1323.8 
R,=R;, xX 8,334 = 4 266.4 p >< 8,334 = 4307.6 
6,250 1255.3 6,250 | 294.8 
245.8 [283.8 











and (G4), will equal (4 
A. AS; 


To obtain the revolutions and power for 15 knots, as 
called for by the problem, let two conditions with the three- 
shaft arrangement be assumed, 


1. Full Diameter—Propeller No. 1. 

Diameter, = 14.44 feet 
Pitch =11,725 feet 

Revolutions =232. 
POA: 
D.A. 
2. Reduced diameter— 
Propeller No. 2. Primary Screw. 
Diameter.... 13.43 feet. 13.72 feet. 


11.25 feet. 11.38 feet. 
Revolutions. 245.8 243.5 


= .50 


.50 
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Required revolutions and power for 15 knots with each 
propeller, Nos. 1 and 2. Use Plates 3 and 4. 

Assume that speed will vary approximately as the revolu- 
tions, and using the primary propeller of the second case for 
the preliminary calculations for the.second propeller: 


R= Fi = 154.67, and 7. S.=7,017 feet. 


43:5 X15 _ 162.33, and T. S.=7,118 feet. 


22.5 


Entering Plate 4, with these tip speeds for J. T. per square 

inch of disc area, and with these J. T.’s entering Plate 3 for 

' P.C.s, both T.S. and P.C. being those for the projected-area 

ratios of the two propellers, using the primary propeller in 
the second case, the following primary data is tabulated: 





2 
LT.x rie xX 1B. 
144XP.XR.-+ | 7 
33000=/. H. P. 


Total Total 
E. H. P.= S. H. P.= 
3X. H. P.}3XI. A.P.X.92 


H. P. 
H. P. 
P.C. 





; | 3,862 2,352 7,056 10,659 
162.33 3,661 2,233 6,699 9,924 























As the effective horsepower for 15 knots is only 5,250, the 
above results are high and the calculations must be carried 
down through a lower range of tip speeds and J. T.s until the, 
15-knot condition is included in the range. The results may 
then be plotted as curves of E. H. P, and S. H. P. on revolu- 
tions as abscisse, correcting the revolutions for the reduced 
screw by dividing those of the primary screw by A (page 624), 
and the 15-knot condition be taken directly from the curves. 

The same method is used when the model tank E. H. P. 
curves are available, for laying down curves of estimated 
H. P. revolutions, S. H. P. revolutions, and speed revolutions 
by obtaining by means of Plates 3 and 4 for different tip 
speeds, the corresponding J..H. P.s, S. H. P:s and revolutions 
and P. C.s, and with the resultant E. H. P.s, taking the 
speeds corresponding from the £. H. P. speed curve. 
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Plate 1, 


Curves of Appendage Resistances 
inper cent of resistance of bare hull. 





Note: 


1.|As hull shortens standard, appendage resistance 
imereases and vice versa, | 


2.| As pri ‘ mncreases and coetieient of imd ship 
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Plate 2. 
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Screw Propellers, 
Curves of Propulsive Coefficients. 
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Finally, to show how the propeller characteristics vary 


with the value of * 4 for any given block coefficient of 


hull, E. H. P. and speed, let the following be taken as an 
example: 

Hull, standard form; block coefficient, .35; speed, 28 
knots; E. H. P. for this speed=4,000. Find P, D, R and 
H. P. for a series of screws varying from .2 to .625 P. A. 
ratio to answer these conditions; power on two screws: (page 
627.) 

While the method of design described in the foregoing text 
does not provide for exceeding the limit A. D. and is there- 
fore not so elastic as the method described in preceding 
papers, it is much safer. With the method described pre- 
viously, where the curves of apparent slip for each projected- 
area ratio were given, there was a constant temptation to 
obtain increased revolutions by holding to the lower pro- 
jected-area ratios and using higher thrusts, as the lower 
P. A. ratios give higher propulsive efficiency at reduced 
powers. This led into danger, as with the low projected-area 
ratios the danger limit is reached rapidly with a very slight 
increase in indicated thrust over the safe thrust to use. 

With the present method, if the lower projected-area ratios 
do not give the revolutions desired, it becomes necessary to 
advance into the higher ratios or to solve by the method of 
“reduced diameters.”’ 





PROPULSIVE MACHINERY AND OIL FUEL IN THE U. S. 
NAVAL SERVICE* 


By Caprain C. W. Dyson, U. S. Navy. 
GENERAL INTRODUCTION. 


Until within the last few years the improvements in propelling ma- 
chinery for naval vessels, and for marine purposes in general, were few, 
the designers apparently considering that the reciprocating engines which 
they were then using were good enough, and that any further improve- 
ments in them could only be made at an undesirable increase in weight, 
in cost, and in complication. 

This apparent view extended not only to the main propelling machinery 
but also to the auxiliary machinery, with the result that each new ship 
was practically a copy of those that preceded it, only such modifications 
being made as the necessities of the particular case dictated. 

With the advent of the turbine it became necessary, in case the recipro- 
cating engine was to hold its own, to take advantage of every possible 
opening for improvement. Such improvements as appeared possible at 
the time of laying down the designs were made, and that they were de- 
sirable has been amply shown by the results on trial and in service ob- 
tained by the U. S. S. South Carolina, Michigan and Delaware. 

In the adoption of turbine machinery, the Navy Department proceeded 
with characteristic caution, and no designs of this type of machinery were 
laid down until results obtained abroad were of such nature as to prac- 
tically insure success. 

In the fall of 1904, it was determined to lay down the three scout cruis- 
ers, Birmingham, Salem ‘and Chester, and, in order to obtain data for use 
in future designs, it was decided to fit the Birmingham with reciprocating 
pe. ate the Salem with Curtis turbines and the Chester with Parsons 
turbines. 

Before these vessels were completed, in June, 1907, the Fore River Ship- 
building Company completed and tried out the Southern Pacific Steamer 
Creole, which was fitted with Curtis turbines as main propelling engines, 
The trials were witnessed by representatives of the Navy Department who, 
entirely discounting the fact that such a vessel as the Creole was unfitted 
by her hull and slow speed for turbine propulsion, reported on the tur- 
bines only, and after pointing out defects which could be corrected, stated 
that the Curtis turbine was adapted for marine propulsion. 

During this same year, 1907, the designs for the battleships Delaware 
and North Dakota were being prepared. When the advertisement for 
bids for these two vessels were issued, bids were invited both for recip- 
rocating engines and for turbines. The design of these vessels made it 
impossible to install satisfactory Parsons turbines, but single-unit Curtis 


* Read before the Engineers’ Club of Philadelphia, January 6, 1912. 
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turbines fitted in very well. Upon the opening of the ‘bids, the Bureau 
of Steam Engineering pointed out to the Navy Department that if turbine 
machinery were installed in either of these vessels it would be at the 
sacrifice of cruising radius. How well based this criticism was has since 
been amply demonstrated by the performances of the Delaware with re- 
ciprocating engines, the North Dakota with Curtis turbines, and the Utah 
with Parsons turbines. 


PROPELLING MACHINERY OF FAST AND LIGHT VESSELS. 


For main propelling engines for such vessels as destroyers and torpedo 
boats, the steam turbine was welcomed with open arms. For such vessels 
having high speed, high power and very light foundations for the support 
of the propelling machinery, a very high piston speed was necessary with 
the reciprocating engines which had formerly been fitted. This high piston 
speed, with the consequently high number of reversals in the direction of 
motion of the moving parts, resulted in the production of excessive vibra- 
tions of hull and machinery, and the resultant breakdowns of the engines 
at full power were numerous. 

By the adoption of turbines, with the consequent change from recipro- 
cating to rotary motion, the problem of engine vibration was immediately 
solved, and the only vibration now existing in such vessels is that due to 
the propellers. 

The first turbine-propelled destroyers, Nos. 17 to 21, five in number, 
were laid down in 1906, and all the destroyers designed, built and building, 
since that year, a total of 29, have been fitted with turbines. Some of 
these vessels have the Parsons turbine, with the power distributed between 
three shafts, while others have the Curtis or the Zoelly, with the powes 
distributed on two shafts. 


IMPROVEMENTS IN RECIPROCATING ENGINES. 


For battleship work, in order to meet the turbines on more even grounds, 
the principal changes made in the design of reciprocating engines are as 
follows: 


1. Increase in ratio of L.P. to H.P. cylinder volumes from about 7 to 1 
to about 10 to 1. 

2. Lengthening the main steam valves in order to give short and straight 
steam and exhaust ports with consequent reduction in clearances and in 
steam frictional losses. 

3. Increase in vacuum carried in main condensers. 

4, Use of superheated steam. 

5. Slight decrease in bearing pressures of crank pins and crossheads. 

6. The fitting of forced lubrication to crank-shaft, crank-pin and cross- 
head journals and to eccentrics and to crosshead slides. 

All of these changes have not as yet been made, but 1, 2 and 4 were 
utilized in the engines of the South Carolina and Michigan, 1, 2, 4, 5 and 
6 in the engines of the Delaware, and 1, 2, 3, 5 and 6 in the engines of 
battleships Nos. 36 and 37, the designs of which have just been completed 
by the Navy Department. 


RESULTS OBTAINED BY THE ABOVE CHANGES. 


Unfortunately, in the cases of the South Carolina and Michigan, no 
measurements of actual water consumptions of the machinery were made 
on the trials of these vessels. An idea of the economy -realized can be 
obtained, however, by comparing them with their sister ships of the Con- 
necticut class, the Delaware also being included in the tabulation: 
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Minnesota. | Michigan. | Delaware. 





Heating surface of boilers, square feet.| 52,752 42,500 | 55,749 
Superheating surface of boilers, sq. ft.| sus | 6,149 
Total grate surface per sq. ft., equiv...) “9 886 | 1,106 
Total grate surface per sq. ft., actual..) 1,100 : | 1,439 
I.H.P. all machinery............. aitgaes tats | 20,783 2 | 29,529 
Sq. ft. of H. S. pe 2.538 : | 1.888 
Sq. ft. of H. S. per I.H.P. (total) | on : 2. 
I.H.P. per sq. ft. grate surface, equiv.| ste 26.7 
I.H.P. per sq. ft. grate surface, actual. 18.894 de 
Air pressure, in inches of water, equiv.| me 

Air pressure, in inches of water, actual.) 92 














Let us compare the above results still further, using a series of vessels 
having the same type boilers as the above vessels, but all being without 
superheat and having the old type of naval engines. 

In the above table and in the following one the boilers are all reduced 
to a standard ratio of generating heating surface to grate surface of 48.1 
and the air pressures calculated as varying inversely as the ratio of the 
equivalent grates to the actual ones. 


VESSELS WITH OLD TYPE ENGINES AND NO SUPERHEAT. 





| sntene| Montana. | Mississippi. | Charlesion. 








Heating surface.......... .......| 52,752 | 68,000 32,648 64,000 
Total grate surface, actual...) 1,100 | 1,690 768 1,400 
Total grate surface, equiv.... = 1,418 681 1,334 
1.H.P. all machinery 20,783 | 28,280 13,906 | 27,507 
Sq. ft. of H. S. per 1.H.P. | 2.538 | 2.404 2.347 2.323 
I.H.P. per sq. ft. G. S., act..| 18.894 | aot <a os 
I.H.P. per sq. ft. G. S., eq.. gx | 20.62 
Air press., ins. of water, act. : : ; 2.48 
Air press., ins. of water, eq.. a= ; : 2.6 








Plotting the results obtained from the above tables on Plate I, we see 
that for an air pressure of 2 inches of water, which is the naval limiting 
pressure for coal-burning Babcock & Wilcox boilers, which are fitted in 
all the above vessels, the use of superheat and the improved engines gives 
25.6 [.H.P. per square foot of grate against 20.6 1.H.P. per square foot of 
grate with the old equipment. This is a total increase in economy of 
24.3 per cent. The commonly accepted saving due to superheat is esti- 
mated at 1 per cent. for every ten degrees, which, as to average superheat 
used in the above vessels at full power, amounted to about 60 degrees, 
gives as a total saving due to superheat only, of 6 per cent., leaving a bal- 
ance of 18.3 per cent. due to the improvements in the engines themselves. 


COMPARISON OF WATER RATES OF OLD AND NEW TYPES. 


The only vessels having reciprocating engines for which accurate en- 
gine water consumption measurements have been taken up to the present 
date are the scout Birmingham and the battleship Delaware. The neces- 
sary engine data for comparision is as follows: 
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Birmingham.| Delaware. 





H.P. cylinder, inches 


Diameters I.P. cylinder, inches 

2 L.P. cylinders, inches 
Piston-rod diameters, inches. ............. 
Stroke of piston, inches 
Revolutions at full power 
Piston speed at full power, per minute, feet... 
Per cent. clearances, H.P., mean 


Steam pressure per gage in H.P. valve chest. 











B 


Cono/rions 


(Gewennting) = 48.) GENS. ='9 Tora H.S. 
Supernenr ar ENG.~Agour 60". 
IMPROVED 


TANDARD Ci AS ABOVE WITH EARLY TYPE 
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The Birmingham engine, of course, is handicapped at the start by its 
smaller size, higher piston speed and lower steam pressure, but these 
handicaps cannot possibly explain away the great differences existing be- 
tween the steam consumptions per I.H.P. of the two types of engines at 
equal fractions of power. These consumptions are as follows: 





Full power. | ; power. | 4 power. 





Delaware . 5 12.7 lbs. | 15.12 Ibs. 
Birmingham x . 15.5 lbs. | 19.00 lbs. 
Per cent decrease for Delaware ls 18.7 20.4 








VES OF POUNDS BACK PRESSURE PER D2" OF L.P PISTON, 
REVOLUTIONS PER MINUTE OF Various NAVAL ENGINES: 
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The ‘above amounts include drainage from the jackets, All leakage 
from stuffing boxes is unaccounted for, but if this were taken into ac- 
count the difference would be still more favorable to the Delaware, as 
not the slightest evidence of leakage through her valve-stem or piston-rod 
stuffing boxes existed during the trials. 

The collier Cyclops has engines built along the same lines as the modern 
naval reciprocating engines, and the results obtained by her bear out fully 
the results obtained by the Delaware. Although no superheat exists in 
the case of the Cyclops, the water per I.H.P. measured from her indi- 
cator cards, shows at full power less than 12 pounds, neglecting leakage 
and cylinder condensation. 

To show the effect of the short straight steam ports on exhaust pres- 
sures, Plate 2 showing the amount of back pressure exerted per square 
inch of L.P. piston area for several engines of the old type and of the 
Delaware is herewith submitted. 

The very low pressure shown by the Delaware is not entirely due to the 
ports alone, but is partially accounted for by the fact that with the Dela- 
ware’s engines, no live steam was admitted to the I.P. and L.P. receivers 
during trials, full benefit being taken of the expansion of the steam from 
cut-off in the H.P. cylinder to the exhaust in the L.P. cylinder. 

The Delaware's engines were still further aided in the search for econ- 
omy by the forced-lubrication system, which by insuring that all bearings 
were oil borne, quite materially decreased the friction of the load and 
thus allowed the engines to turn up more rapidly than would have been 
the case if this system had not been installed. 

The following table giving steam and exhaust velocities will be of in- 
terest as showing the benefit of the straight ports in reducing resistance 
to the flow of the steam and thus increasing the efficiency of the engines, 


TABLE OF STEAM AND EXHAUST VELOCITIES. 












































be ff Eo a Se ales EE 
a. ge feel ea =5 ar 7 e 
bata SFA etl oglege lee as 
29 & Be S8(%2 |) 48 )/78) sg 
65 & 888 s=|e8/a-|g8| 38 
Ship. Sa so] = "a ° a | eas rae Maro Ee 
a! 6 |Ss5/ 38 | 32) HS | 82 | Bs 
wr & = pe rT) ° § ae o S| as ‘S 
oF) ¢g ws <a -a|.-8 
ne ike 
Pe a ma Pe | se lag 
—— 
Delaware ..crcccccrscceees 130/Straight | 6,565 | 5,340 | 6,678 | 6,180 | 10,446! 7,514 
Michigan ..........00005 125)|...d0 ..... 6,723 | 5,289 | 7,883 | 5,909 | 9,947| 7,199 
LOUTSTANA, ...0.00c00sceees 120\Crooked | 5,670 | 5,480 | 8,262 | 6,670 | 10,833) 7,450 
Birmingham .........+4. 200)...do .....| 6,518 | 5,251 | 8,385 | 6,804 |11,591| 8,347 
| | Louisi- | Birming 
| PS ouisi- | Bir - 
wa RE |Pelaware. sian wnt, aie. mae: 
| | 
Velocity through exhaust pipe | 
to condenser ................-seeseees| 6,637 6,612 7,390 7,061 
Velocity through main steam 
DIPO A TIVs.3, VALS LRAT 8,275 8,463 8,380 7,078 











All of the above velocities are based on relative areas of ports and 
pistons and volumetric displacement per minute of the pistons. It should 
be further stated that the Birmingham never made 200 revolutions, but 
reached about 190 on trial. 
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TURBINE MACHINERY FOR BATTLESHIPS. 


In the choice of type of turbine machinery for battleship propulsion the 
Navy Department has, up to the present time, placed turbines of the Par- 
sons type and of the Curtis type upon an equal footing where weights 
and space allowed for the installation would accommodate either. In 
some cases the engine-room space may be very much restricted; when this 
is the condition, turbines of the Curtis type have a decided advantage over 
the Parsons, as the former type with either one or two units per shaft, 
the total power being divided between two shafts, can be installed in much 
smaller floor area than the Parsons type with its cruising turbines and 
high-pressure backing turbines, in addition to the main turbines, with the 
power distributed among four shafts. 

An instance of this occurred in the case of the North Dakota. In this 
vessel the engine rooms are only 44 feet in length. This length accommo- 
dated reciprocating engines, as in the Delaware, or a nine-stage single-unit 
Curtis turbine, although this resulted in a very, crowded arrangement, but 
made the installation of Parsons turbines an impossibility if the cruising 
turbines were to be retained. 

The Florida and Utah are both equipped with Parsons turbines of a 
designed shaft horsepower of 28,000, divided among four shafts. The 
engine-room space required to accommodate this amount of power, to- 
gether with the necessary cruising and backing turbines is 51 feet wide 
by 60 feet long, while on the Wyoming and the Arkansas, with the same 
designed shaft horsepower as the Utah, the space has been reduced slightly 
to 48 feet 6 inches wide by 60-feet. In all four of these vessels the en- 
gine rooms are much crowded, large as they are. When they are com- 
pared with the engine-room space of the reciprocating-engine ship Dela- 
ware, which is 50 feet 6 inches wide by .44 feet long, we see that with about 
the same width of engine room, the reciprocating-engine ship, in order 
to develop the same I.H.P. as shaft horsepower of the turbine vessels, re- 
quires 16 feet less in length. The importance of this saving in length is 
easily seen when we consider the additional displacement and armor, with 
consequent large increase in cost of hull, entailed, when the vessel is de- 
signed for turbine propulsion. 


COMPARISON OF ENGINE-ROOM WEIGHTS OF Lc apron AND RECIPROCATING 
ENGINES. 


At the time of writing this article the Bureau of Steam Engineering has 
available the completed weight sheets of only two comparable vessels, 
namely, the Delaware and the North Dakota. 

The engine-room weights of the former vessel are 773 tons, while those 
of the latter amount to 783 tons. Practically no saving in engine-room 
weights can be looked for if turbine machinery is adopted -in place of re- 
ciprocating engines for battleship propulsion. 

COMPARISON OF EFFICIENCIES OF PROPULSION AND RESULTANT COMPARATIVE 


BOILER INSTALLATIONS REQUIRED WITH THE TWO TYPES OF MACHINERY. 


In comparing efficiencies of propulsion, the first point to be taken into 
consideration is the relative propeller propulsive coefficients which can be 
obtained with the different types of machinery used. As all three of the 
Dreadnought battleships which have been tried, the Delaware, North 
Dakota and Utah, had excellent to very good propellers for the utilization 
of the high power, we will compare their individual propulsive coefficients 
with each other, taking their performances at 21 knots as a basis. 

As all engineers understand, the term “ propulsive cofficient” as usually 
applied means the ratio between the tow-rope horsepower (E.H.P.) of the 
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ship when fitted with all appendages and the I.H.P. in the case of recipro- 
cating engines, or S.H.P. in the case of turbines. The Bureau of Steam 
Engineering assumes a mechanical efficiency of 92 per cent. for its large 
reciprocating engines, so that the true comparison of propulsive coeffi- 
cient would be represented by the following formulas: 





Reciprocating propulsive coefficient = E bE. 
‘1.H.P. 
: ‘ j E.H.P. Xx .92 
Turbine propulsive coefficient = — SHP. 


Using these two formulas, the propulsive coefficients of the three vessels 
at 21 knots were: 


Delaware... . 122% ape epereey 65 per cent. propulsive coefficient. 

North Dakota. . LRG 265 53.82 per cent. propulsive coefficient. 

SSG OS. EET 313 i 56.12 per cent. propulsive coefficient. 
While the powers required for this speed were: 

Datawre sis PUOFIG LOT. Dea 23,400 I.H.P. 

North Dakota..... DIAN HV DODRS 52 26,500 S.H.P. = 28,800, 1.H.P. 

Cao SS, USE BUG BRB 26,400 S.H.P. = 28,700 I.H.P. 


For boiler comparisons it is considered preferable to reduce conditions 
to one common condition of feed temperature and boiler pressure, and to 
compare the heat units absorbed by the boilers of cach vessel in over- 
coming equal resistances of hulls. By doing this we find that at 12 knots 
speed the Delaware’s boilers absorbed 119,500 B.T.U.’s against 142,700 
B.T.U.’s for the Utah, or that it costs approximately 19.4 per cent. more 
to cruise at 12 knots with the turbine ship than with the reciprocating one. 
At full power of 21.56 knots the costs in heat units for the two vessels are 
approximately the same, namely, about 385,000 B.T.U.’s. 

The above heat costs include all the engineer’s and the ship’s auxiliaries. 
The North Dakota is not brought into this comparison, as in the measure- 
ments of water consumption on that vessel only the engineer’s auxiliaries 
were included. 

This equality of heat cost at full power existing for battleships of 21 
knots speed, it is not readily seen how a saving of 15 per cent. in boiler 
weights, as has been claimed, can be made by the adoption of turbines for 
main propelling machinery in such cases. 


CRUISING ECONOMY. 


As pointed out above, the Utah at 12 knots required the absorption of 
19.4 per cent. more heat units by her boilers than did the Delaware. Re- 
ferring to equal speeds and comparing the Utah’s performance with those 
of the Delaware and the North Dakota, we obtain the results given below: 














Ship. | Speed. | S.H.P. Th |Per cent. 
Delaware ......006 hatactticasicwcpecoes | 12 oe 3,800 664 “Gait 3 
aes DIIPPDUE S10 is Seicscsiagervegens | 12 3,750 | 4,076 140% 61.32 
RAEI sv wndvnd von Sopshe vay ed eR Sey ees | 12 3,800 | 4,130 172 53.18 





The above results are all based upon acceptance-trial results and would 
be considerably modified in actual service, as was shown by the perform- 
= reg of the Delaware and North Dakota when cruising in company with 
the Fleet. 
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The reciprocating-engine ship in bad weather showed up as fully 20 
per cent. better than the turbine ship, and in good weather at a slightly 
higher speed, as nearly 44 per cent. better. ‘These results were obtained 
on the cruise of the Fleet to England and back home. In justice to the 
turbine it must be stated that the turbines of the North Dakota, when ex- 
amined shortly after, were found to be in damaged condition due to 
erosion and corrosion, although the vessel was a new ship just starting a 
cruise. 


POINTS OF SUPERIORITY CLAIMED FOR TURBINE MACHINERY OVER RECIPROCATING 
MACHINERY FOR BATTLESHIP PROPULSION. 


These are: 
1. Capable of being driven for long periods of time at high powers with- 
out the liability to derangement which exists with reciprocating engines. 
2. Less work required to keep them in condition, and therefore decreased 
engine-room force. 
3. Less vibration, and therefore resultant better gun pointing. 
4, Decreased boiler power necessary to develop power required for full 
speed. 
5. Less total floor space necessary for engines and boilers. 
. Greater economy in oil and fuel at full power. 
. Greater economy in oil at cruising speeds. 
. Greater cleanliness of engine room, 
. Greater capacity for overload. 
10. Greater ease of repair. 
11. Maintenance of original economy due to no increase of leakages from 
wear. 

Let us take these claims, item by item, and see whether they are justified 
by actual experience. 

1. There is no doubt about the ability of the turbine to stand up for 
long periods of time when driven at full power, but cannot the recipro- 
cating engine when properly designed do the same thing? Experience 
with the Delaware would seem to demonstrate that it can. 

Immediately upon the return of this vessel from Chili and just before 
she arrived at Boston, she received a wireless message from the Navy De- 
partment directing that she proceed to sea as soon as possible after coal- 
ing ship and carry out speed trials as follows: 

Four hours at the maximum speed possible, to be immediately followed, 
without any interval for overhaul, by a twenty-hour run at the highest 
speed that could be maintained for that length of time. 

In carrying out these orders the Delaware proceeded to Boston and be- 
gan coaling as soon as possible. At the end of about 20 hours, during 
which time not a bearing nor cylinder was opened for adjustment or in- 
peer she proceeded to sea, and as soon as well clear of the land began 
the trials. 

During the first four hours the average speed maintained was 21.86 
knots per hour, while for the entire 24 hours the average speed was about 
21.3 knots per hour, the decreased speed for the 24 hours over that for 
the first four-hour period being due to fires and boilers becoming dirty 
and the fireroom personnel fatigued, thus automatically slowing down the 
ship and easing up the work on the engines as the time became more ex- 
tended. It is unnecessary to point out that this same automatic easing up 
would have occurred with any type of steam-driven machinery where coal 
was used as the fuel. 

Upon the completion of the trial the commanding officer of the vessel 
reported to the Department practically as follows: “Four hours and 20 

- hours speed trials completed. Not the slightest disarrangement of ma- 
Fe either main engines or auxiliaries. Ship ready for immediate 
uty.” 


Canoe 
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(2) (10). These claims may be discussed as follows: 

The turbine by its very nature is less liable to slight derangements than 
the reciprocating engine, but when derangements do occur they are usually 
very serious and require the vessel to proceed to a dock yard for repair, 
where, as the troubles are usually blading ones, the time for repair 
stretches into weeks, thus losing the services of an important unit from 
the fighting line for the entire time of repair. With the reciprocating en- 
gine, however, such repairs as are usually called for are within the ca- 
pacity of the ship’s force, and the ship can remain on her station while 
the repairs are being made; in other words, turbine sickness usually re- 
quires hospital treatment while the reciprocating engine can be cured by 
home treatment. Furthermore, there is as much difference between the 
two types when they are out of order as there is between an animal and a 
human being. Both give indications of being under the weather, but the 
reciprocating engine tells you where the trouble exists, while with the tur- 
bine you know that something is wrong inside, but what is wrong is known 
only after the hospital surgeons get to work. 

As to the decreased engine-room force, our turbine battleships carry and 
need just as large a force as do the reciprocating ships of the same class. 

(3) As to vibration, where the reciprocating engine is wel] balanced and 
is mounted on a heavy, substantial hull, such as that of a battleship, the 
vibration is barely noticeable, and in the case of the Delaware and North 
Dakota there appeared to be fully as much vibration caused by the pro- 
pellers with the turbine vessel as there existed with the Delaware. Furth- 
ermore, if gun pointing be taken as a measure of vibration, it is pointed out 
that the Delaware has just won the battle-practice trophy, beating out her 
turbine-propelled sister quite badly. 

(4) As for claim No. 4 it has been shown that with turbines for the 
designed full speed of the vessel a considerable increase in power over 
that required with reciprocating engines is made necessary by the de- 
creased propulsive efficiency of the propellers. When turbine propulsion 
first became an accomplished fact, in all reports of trials great stress was 
laid upon the fact that the water consumption per hour per S.H.P. of the 
turbines was very considerably less than per I.H.P. with reciprocating en- 
gines, but the great difference between the propulsive efficiencies of the 
propellers was not mentioned, this great inferiority of the turbine pro- 
peller for battleship work practically requiring the same amount of boiler 
power to be fitted for turbines as for reciprocating engines. 

(5) This claim is not justified, as Curtis turbine installations require 
approximately the same space, and Parsons turbines with cruising tur- 
bines more floor space, than is required for a reciprocating-engine instal- 
lation for the same speed of vessels. 

(6), (7), (8). Claim 6 is correct so far as lubricating oil is concerned, 
for with forced lubrication of reciprocating engines and with an open-top 
oil casing, oil is thrown on the lower cylinder heads where it vaporizes and 
is lost. The saving-of-fuel claim does not exist. Claim 8 is correct, but 
only at high powers. To offset these claims, the working platforms of re- 
ciprocating-engine installations are much more habitable on account of 
lower temperature. 

(9) This claim is justified only by the fact that turbines are not designed 
so. close to the power requirements as are reciprocating engines. The 
steam areas through the blading are much larger than are necessary for 
the passage of the steam required for the designed power at the designed 
pressure. This criticism applies more particularly to turbines of the Par- 
sons type. 

(11) This claim is a fact so far as the claim for no increase in leakage 
of steam is considered, but it can hardly be called an advantage over the , 
reciprocating engine, as with proper care and experience the valves and 
pistons of the latter machine can be kept as tight throughout their service 
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as they are they day they are put in commission. To offset this turbine 
claim we have the following troubles: to encounter: excessive corrosion of 
rotors, which destroys balance; unequal expansion of rotors and of rotors 
and casing, which destroys clearance and results in destruction of blad- 
ing; clearance troubles due to wearing of turbine and thrust bearings’ and 
the necessity of micrometer adjustments of these bearings to maintain 
clearances. 


VESSELS OF HIGH POWER AND SPEED, SUCH AS BATTLESHIP CRUISERS, SCOUTS 
AND DESTROYERS. 


When powering such vessels as the above the power required for the 
high speed becomes very great, and in order to confine ourselves to units 
of light weight it is necessary to divide the power between two, three or 
four shafts. Should reciprocating engines be used, they would be designed 
for a high number of revolutions and high piston speeds, and would thus 
become much more liable to derangement than are the comparatively slow- 
running massive engines of the ordinary Dreadnought battleships. In such 
cases we turn to the turbine as the rational power producer, and up to date 
for such purposes the turbine is the machine par-excellence. 

In our service the battleship cruiser does not yet exist, our extra fast 
vessels at present consisting of three scouts and 34 destroyers built and 
building. 

As already stated, one of the scouts is fitted with reciprocating engines. 
She has done very good service, and below 21 knots has been considerably 
more economical than her sister ships. Above that speed the turbine ships 
have the advantage, the percentage advantage increasing, as the speed in- 
creases above 21 knots. As with these types of vessels high speed is the 
prime requisite, and economy at cruising speeds, while desirable, but still 
only a secondary consideration, no hesitation is met with in discarding the 
reciprocating engine as the primary propelling machine and taking up the 
turbine in its place. 

With the Parsons turbine in these fast vessels the power is usually di- 
vided between three or four shafts, additional turbines for cruising at low 
and moderate speeds being fitted. These cruising turbines have been the 
cause of the major part of our troubles with the Parsons type, probably 
90 per cent. of the blade strippings which have occurred have happened in 
these turbines, and have usually taken place when the injured rotor was 
running idly in a vacuum. In the latest destroyers, in order to further 
increase the cruising economy and to escape the blade troubles of the 
cruising turbines, these last-named turbines have been omitted, and -small 
rapid-running reciprocating engines installed in place of them. These en- 
gines are designed for about 350 revolutions and are fitted with forced 
lubrication, the working parts being enclosed in an oil casing. They re- 
main in operation, exhausting through the H.P. turbine until the speed 
reaches about 16 knots. Above this speed they will be disconnected and 
the main turbines only will be used, the H.P. turbine being fitted with a 
ps of cruising stages for use in producing speeds from 16 to about 25 
cnots. 

This cruising reciprocating engine has been also fitted, one engine on 
each shaft, to two-shaft arrangements, where the Curtis or the Zoelly tur- 
bines are used as main propelling engines. With ‘such an arrangement, 
however, the cruising engines are an additional weight over the already 
quite heavy weights of these impulse-turbine units, and the advantages 
gained wili have to be considerable to justify their retention. 

The main point of difference in the different designs of these combina- 
tion systems is in the designed exhaust pressure from the L.P. cylinder 
of the reciprocating engines to the inlet nozzle of the turbine, and the 
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stage of the turbine at which this exhaust steam is admitted. It may be 
accepted as an axiom that “the higher the exhaust pressure from the en- 
gine to the turbine the greater will be the range of speeds through which 
the combination will hold its superiority over the straight reciprocating 
or the straight turbine drive.” 

In the Fore River design this exhaust pressure is taken at about five 
pounds absolute, and is admitted into the fourth stage of the turbine, while 
in the Bureau designs the exhaust pressure from the reciprocating engine is 
taken at about 25 pounds absolute and is admitted into the second main stage 
of the main H.P. turbine. With a low exhaust pressure from the engine 
to the turbine at full power of the reciprocating engine, the value of the 
turbine falls off very rapidly as the power of the reciprocating engine is 
reduced, and within a very short range of power the lower stages of the 
turbine will commence to do negative work, and thus produce a brake ef- 
fect on the system resulting in actual loss. 


THE CHOICE BETWEEN TWO AND THREE-SHAFT ARRANGEMENT FOR DESTROYERS. 


The Navy Department, until the giving out of the contracts for the last 
destroyers designed, had made no distinction in favor of one arrange- 
ment over the other, but had laid down in the contract plans of the ma- 
chinery that arrangement and type of turbine for which the greatest floor 
area of engine room was required. This was the Parsons type with three 
shafts. In inviting bids, however, bids were asked for on contractors’ 
plans, in addition to those on the Department’s plans, and bidders were 
always given to understand that in the consideration of bids one set of 
plans would receive as much consideration as the other. 

The two-shaft arrangement does have the following advantages over 
the three-shaft arrangement, namely: Better maneuvering qualities at low 
speeds, better backing power, fewer propelling units and possibly a better 
propulsive efficiency of propellers. This latter point is not definitely set- 
tled, however, but the writer is of the opinion that with properly designed 
propellers this superiority of the two-shaft arrangement must exist, at the 
low speeds in particular. 

When the last eight vessels were contracted for the Department seized 
the opportunity offered it by the various bids to obtain the above ad- 
vantages, and, out of the eight, six boats of the two-shaft arrangement 
were taken, the remaining two being the three-shaft Parsons-turbine ar- 
rangement as shown on the Department’s plans. Since closing the con- 
tract for these two revised plans have been approved, changing them to the 
two-shaft arrangement but retaining the Parsons turbines. 


ECONOMY AND RUGGEDNESS OF THE DIFFERENT TYPES OF TURBINES. 


Remarks under this head can be summed up in a very few words, as 
follows: Considerable trouble has been experienced with Parsons turbines 
due to stripping of blades through loss of clearance, while, since an initial 
fault in the L.P. blading of the Zoelly turbines of the Warrington and 
Mayrant has been corrected, blading troubles with the Curtis and the 
Zoelly turbines are practically unknown. These latter classes, due to their 
greater blade clearances, do not require the accurate adjustment that is 
absolutely necessary with the Parsons turbine, and from this fact is 
reaped a decided benefit in service. As to the relative economy of propul- 
sion of the three types, the question is involved by the use of various de- 
signs of boilers with the different types. Results appear to indicate, how- 
ever, that there is little difference between them, with the balance slightly 
in favor of the impulse-reaction type. 
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Leaving the subject of main propelling engines, we will now describe 
the most important departure from early practice that has been made in 
late years; this is the adoption of oil as a fuel. 


OIL-FUEL SYSTEM OF THE NAVY. 


In adopting oil fuel for the Naval Service the first thing necessary was 
to decide upon that system of atomization of the fuel which was _ best 
adapted to our needs and conditions. The system to be adopted must be 
one which would entail no loss in fresh water and the minimum additional 
weight possible. 

The very conditions of the problem forced the Department into the 
search for a satisfactory method of mechanical atomization. By adopt- 
ing such a method no loss of fresh water. would occur and no air compres- 
sors were required. The only additional weights required with such a sys- 
tem were those of the necessary oil pumps, piping and burners. 

After investigating the field available, the method of mechanical atomi- 
zation as developed by the Schutte-Koerting Company was decided upon 
as the most promising for a foundation on which. to build, and this system 
was adopted. 


DESCRIPTION OF THE SYSTEM. 


The system as developed for use in the Naval Service really could be 
classed as “Oil-Fuel Burning Reduced to the Simplest Form.” It con- 
sists of oil-fuel supply or booster pumps, oil-fuel pressure pumps, oil pip- 
ing and strainers, oil heaters, air cones and oil burners. In addition are 
the forced-draft blowers. 


FUNCTIONS OF THE DIFFERENT PARTS. 


Oil-Fuel Supply or Booster Pumps.—Handle the oil in the storage tanks, 
or bunkers, pumping from one tank to another, filling tanks from oilers 
alongside, draining tanks of settled water, aiding suctions of fuel-oil serv- 
ice pumps on long suction lines. They may be either simplex or duplex 
pumps. 

Oil-Fuel Service Pumps.—Draw from the oil-fuel mains through strain- 
ers and discharge through strainers and through oil heaters to oil burn- 
ers. These pumps are usually duplex, of long stroke, and are large enough 
to be slow running. They work at a discharge pressure not exceeding 225 
pounds, this pressure being determined by the amount of oil discharged 
and the area of the discharge orifice in the burner nipple. 

Oil-Fuel Heaters:—The function of these heaters is primarily to heat 
the oil to such a’ temperature as will render it sufficiently fluid to ensure 
efficient atomization. Secondarily, the added heat may possibly add 
slightly to the efficiency of combustion. The first idea in heating the oil 
was that it must be raised to a temperature slightly above the flash point, 
so that immediately upon issuing from the burner tip the oil assumes a 
gaseous form and bursts into flame. This high heating of the oil has been 
found to be unnecessary and is also objectionable as it produces cat- 
bonizing in the burners and pipes. It is also dangerous, as leaks in the 
piping lines cannot be discovered except by moving a naked flame along 
the line to ignite escaping gas. The temperature we now maintain is ap- 
os 175 degrees F., any increase above that being» of doubtful 
value. 

Air Cones.—These are one of the most vital items in the entire oil-burn- 
ing system. They are in the form of a truncated cone, and carry the 
burner in the axis of the cone, discharging towards the base. The air for 
combustion is admitted through slots with guide vanes around the cif- 
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cumference of the cone, and is given a whirling motion, The velocity and 
amount of air admitted may be regulated in two ways, either by a conical 
damper around the cone, as in the New York Shipbuilding Company in- 
stallations, or by an air register carried directly across it, as in the Pea- 
body system installed by the Cramp Ship and Engine Building Company. 
Both methods give excellent results. 

The problem of air admission is of the greatest importance, as if it is 
improperly done smokeless combustion becomes nearly an impossibility, 
and the burning of oil at a high rate of combustion becomes accompanied 
by a series of pulsations of such magnitude as to cause the boiler casings 
to pant and the brick linings to break loose and fall. 

Oil Burners—These are of the simplest character and consist of an oil 
pipe with a cast piece screwed on the end and forming the tip. The open- 
ing in the tip varies from 1.5 m.m. to about 2.3 m.m., depending upon the 
maximum amount of oil to be burned. Inside of this tip casting is a whirl- 
ing chamber to which the oil is admitted in such a manner as to give it a 
rapid whirling motion around the axis of the burner. This causes the oil 
issuing through the tip opening to fly off tangentially as soon as free from 
the burner, and produces an intimate mixture of the oil with the air en- 
tering through the cone around it. 

The oil burns without noise and produces a beautiful lance-head flame 
nearly white in color. The combustion, by giving a slight excess of air, 
can be made absolutely smokeless, but the vessels usually operate with a 
slight haze issuing from the smoke pipes, as by so doing they can regulate 
much closer to maximum efficiency conditions than if no smoke is showing. 


OIL FUEL FOR BATTLESHIPS. 


The first installations fitted to battleships and, in fact, the only installa- 
tions until the plans of the Nevada and Oklahoma were developed, were 
for boilers primarily fitted for burning coal as the regular fuel, the oil 
fuel being only used as an emergency aid in maintaining the required steam 
when it became necessary to bring coal from remote bunkers to the fire- 
rooms in use. 

The same system of atomization as already described is fitted, the burn- 
ers being located between the furnace doors of the boilers. 

On account of the difficulty of maintaining the necessary triple balance 
between oil, coal and air supply, the results obtained are not as satisfac- 
tory as when burning either oil or coal alone. The first installations were 
rendered still more unsatisfactory by the reluctance of the boiler manu- 
facturers to modify the designs of the furnaces and furnace fronts in or- 
der to meet the demands of the new conditions. 

The necessary changes have, however, gradually been realized, and in 
the Florida, Wyoming and Arkansas we have practically identical condi- 
tions of air admission for the oil as exists in boilers for oil burning only, 
while in the Texas and New York, in addition to having this same system 
of ne per may the furnace volumes have been very considerably in- 
creased. 

In the case of the latest design, the battleships Nevada and Oklahoma, 
the Department has made a radical departure, and so far as fuel is con- 
cerned, boilers and method of burning the oil, the vessels have become 
gigantic destroyers. 

By adopting oil as the only fuel for these vessels the fireroom weights 
have been decreased about 300 tons, the necessary fuel weight for the de- 
signed cruising radius decreased in about the proportion of 9 to 7, the 
fireroom force decreased fully 50 per cent., while the total length of the 
— required for boilers and firerooms has decreased from 128 feet to 66 

eet 
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? EVAPORATION WITH OIL, FUEL. 


The evaporative results obtained by the use of oil fuel with mechanical 
atomization are quite good, as can be seen from the following table: 























Minimum power. | Maximum power. | 

Name of vessel.| Lbs. oil Water | Lbs. oil Water Type of cone 
and burner. 
per sq. ft. per per sq. ft. per 

H. S. Ib. oil. H. S. 1b. oil. 
ie: sgacistecsecl, RSE 12.787 .895 11.905 | Normand. 
Paulding ......... -147 10.85 -951 11.90 | Normand. 
Drayton .....0004. 132 12.88 -955 10.77. | Normand. 
POPRENS 0.0. 0sc00000 153 12.03 QI 10.34 | Fore River. 
SUPPER 55. 5cs: Keacas -157 11.81 1.012 10.427 | Fore River. 
Wale .....0.ce0ee -0827 13.20 -79 12.94 | Fore River. 
TACCONE 6.5 ssicdeeo .136 12.579 785 12.31 | Schiitte-Koert. 
BUTYOWS . sssv00ees .134 12.865 755 12.937 | Schiitte-Koert. 
AMMEN wo.cscee0e.| 096 10.541 .848 11.989 | Schiitte-Koert. 
Warrington ..... 196 10.046 -993 10.446 |S. K.-Peabody. 
Mayrant........- .12 11.584 1.02 11.126 | S, K.-Peabody. 
Patterson ..r..000. | 088 12.582 .707 14.009 | S. K.-Peabody. 
Yi ss eee L847 11.95 -984 11.678 | Thornycroft. 
Monaghan....... | .108 11.349 .917 11.654 | Thornycroft. 





From this table we see that the average evaporation from actual boiler 
conditions for low rates of combustion was 11.91 pounds at an average 
feed temperature of 155.6 degrees F. and an average boiler pressure of 
238 pounds per gage, no correction for the quality of the steam being made. 

For high rates of combustion these figures become 11.745 pounds, 163.5 
degrees and 257.16 pounds pressure, respectively. 

Estimating that the steam will be dry at the low rates of combustion 
and that at the high rates there will be about 3 per cent. of moisture, the 
evaporations under the two conditions reduced to “from and at 212 de- 
grees” become, 


For low rates of combustion, 13.23 pounds. 
For high rates of combustion, 12.58 pounds. 


The above results are the average under trial-trip conditions and’ were 
obtained with “ Express” type boilers, which are unquestionably inferior 
to some other types. It is further worthy of notice that as the trial-trip 
crews became more accustomed to the management of oil fuel the results 
became better. ; 

The results obtained with the mechanical system of atomization, burn- 
ing oil under a Babcock & Wilcox boiler, with the Peabody burner and air 
register, as reported in the JouRNAL OF THE AMERICAN Society oF NAVAL 
ENGINEERS, were as follows: 











- Pounds water evaporated | Equivalent pounds éoal 
nents ce per pound oil from and | per square foot G. S. 
ali at 212 degrees F, per hour. 
259 15.86 16.13 
1,56 13.70 75-34 








The boiler efficiency at the low rate of combustion figured out as 80.21 
per cent., and at the maximum rate as 69.29 per cent. 
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CONCLUSION. 


The advance of the service has not been confined solely to improvements 
in the main propelling engines and in the adoption of oil as a fuel, but 
there has been a general advance all along the line, such as in the adoption 
of forced lubrication to all reciprocating engines, both large and small; 
in the adoption of electric-driven blowers for large vessels and of turbine- 
driven blowers for destroyers; in improvements in condensing apparatus, 
feed heaters, pumps, evaporating and distilling apparatus; in fact, a close 
watch has been kept on every item of machinery both in its design and 
its operation in order that the vessels of the Navy should be maintained 
at the highest point of efficiency and that the dollars of the public should 
be spent in such a manner as would return to the public the greatest value 
for the money expended. 


SUPERHEATERS IN MARINE BOILERS. 


RESULTS OF EXPERIMENTS WITH A WATER-TUBE BOILER WITH SPECIAL REFER- 
ENCE TO SUPERHEATING.* 


By Haroip E. YArrow, Associate Member. 


The author’s firm, having recently tried some important experiments 
with a water-tube boiler, it was thought that the results would be of in- 
terest to the institution, and he therefore ventures to bring them before 
this meeting. Being convinced that superheating is one of the directions 
in which advances in marine engineering will be made, a water-tube boiler 
was constructed which was fitted with a special form of superheater. The 
objections which have hitherto been raised to superheating for marine 
work are: 

1. Owing to the dryness of the steam, oil for the internal lubrication in 
reciprocating engines becomes a necessity, and the oil, finding its way into 
the boiler, leads to trouble. 

2. The probability of burning the superheater when the passage of the 
steam through it is suddenly reduced or stopped. 

By the introduction of turbines the difficulty of lubrication does not oc- 
cur, and with regard to burning the superheater tubes, the arrangement 
adopted by the author’s firm avoids this risk. 

The boiler with which these tests were made was of the Yarrow type, 
and was fitted up in an experimental shop, which is equipped with the 
necessary plant for making very complete tests. Throughout the experi- 
ments oil fuel only was used; and as it is possible with oil to maintain 
steady and uniform working conditions, very accurate results were ob- 
tained, which would not have been possible with coal, in which case irregu- 
larity of stoking and other sources of discrepancy occur. During the ex- 
periments careful records were taken of the oil consumed, the water evap- 
orated, steam pressure, temperature of the superheated steam, and the 
temperature of the gases at various points during their passage past the 
boiler tubes. 

As is well known, superheating is very largely adopted in land installa- 
tions, and in locomotives it is being rapidly introduced. From information 
kindly given by the locomotive superintendents of the main railway lines 
in this country, it appears that the economy realized in locomotives due to 
superheating averages fully 20 per cent. in fuel consumption, and rather 
more in water consumption. It may perhaps surprise many marine engi- 
neers to know that on the Great Western Railway alone no fewer than 500 





* Paper read before the Institution of Naval Architects, March 28, 1912. 
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locomotives are now running fitted with superheaters. Taking the average 
of several land turbine installations, there is found by superheating to 100 
degrees F, to be a saving in consumption of fuel of from 8 to 10 per cent., 
and in steam consumption from 10 to 12 per cent. The reduction in steam 
consumption is specially important for marine work, as it enables a reduc- 
tion to be made in the size and weight of the condensers, air pumps, cir- 
culating pumps and feed pumps, and probably of the distilling plant. In- 
dependent of the gain directly due to superheating, the risk of water pass- 
ing into the turbine from any cause whatever is reduced, and the fear of 
damage in consequence of water causing the stripping or cutting of the 
blades is diminished, and any additional cost of upkeep of the superheater 
will doubtless be fully balanced by the diminished risk of injury to the 
turbine blades by the action of water when using saturated steam. 
Turning now to the design of the boiler and superheater with which the 
various experiments were carried out, and referring to Fig. 1, which shows 











At Cooled Dakper 

















a cross section of the boiler, it will be seen that it consists of a top steam 
collector, as usual, and two lower water pockets. On the left-hand side 
the superheater is shown, and it will be observed that on this side of the 
boiler there are fewer rows of generator tubes than on the other side, 
where there is no superheater, it being thought desirable that the total 
heating surface and the resistance to the gases on both sides of the boiler 
should be approximately the same. The total heating surface of the boiler 
was 6,700 square feet, of which 1,265 square feet consisted of superheating 
surface; the total heating surface on the superheater side of the boiler 
was 3,453 square feet, and on the other side 3,247 square feet. 

The superheater consisted of a number of U tubes expanded into two 
longitudinal collectors, small doors being fitted so that access to the tubes 
could be obtained when required. The leading feature of the arrangement 
is that the superheater is placed on one side of the boiler only, and a 
damper is fitted in the up-take on the same side, as shown on the diagram. 
If this damper is closed, the whole of the gases are deflected towards the 
opposite side of the boiler, and no heated gases pass the superheater, the 
object being that if the main engine should be suddenly eased or stopped, 
or when raising steam, the superheater may be shut off, so as to. prevent 
the tubes being damaged, or the steam being superheated to an excessive 
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extent, owing to there not being sufficient circulation of steam. In this 
way one objection to the introduction of superheating for marine instal- 
lations is overcome. 

A further advantage of this arrangement is that when the consumption 
of steam is suddenly reduced or stopped, not only does the damper prevent 
the superheater tubes from being burnt, but it also greatly diminishes the 
output of the boiler at the time when a reduced supply of steam is wanted, 
because only about one-half of the heating surface comes into contact with 
the hot gases. To avoid the possibility of the damper getting distorted 
through overheating, it is provided with a hollow spindle, to which air is 
admitted, and which passes from thence between the two plates of the 
damper, escaping at the edges, and thus keeping the damper cool. This 
arrangement of damper has proved thoroughly successful under the most 
trying conditions. 

In order to carefully measure the temperatures of the superheated steam 
and of the gases, a complete installation of thermometers and pyrometers 
was fitted to the boiler, and the author has to thank the director of the 
National Physical Laboratory, Dr. Glazebrook, and Dr. Harker, for the 
assistance which they kindly afforded in the selection of the most reliable 
instruments for this purpose. On turning to Table A, giving the par- 
ticulars of a series of trials with the damper open, it will be seen that the 
results are given for six rates of evaporation. It will be observed that at 
the maximum rate of evaporation—namely, when burning 1.237 pounds of 
oil per square foot of heating surface per hour—the degree of superheat 
was 93 degrees F. Corresponding figures are given at the lower rates of 
evaporation. 

Passing now to similar trials with the damper closed, and for which the 
heating surface of the boiler is assumed to be that of the large nest of 
generator tubes only, as all the gases have to pass on that side of the boiler 
the results of this series are shown on Table B. 

As one of the objects of the marine engineer is to obtain more and more 
steam from a given weight of boiler, it was thought it would give useful 
information to make tests burning oil fuel at a rate of consumption con- 
siderably greater than has hitherto been the custom, to ascertain if the 
boiler would, under such conditions, show any defects. It will be seen 
from Table B, that at the highest rates of evaporation nearly 2 pounds of 
oil ptr square foot of heating surface per hour were being consumed, if 
we disregard the heating surface on the superheater side of the boiler. 
Thus the surface on the opposite side of the superheater was subject to 
the heating effect of all the gases plus half the radiation. Every part of 
the boiler withstood the severe test, and trials burning this quantity of oil 
were made on several occasions. 

The results of other experiments indicate that in a properly-designed 
boiler of the type under discussion it is possible to burn, without injury 
to the boiler, 2 pounds of oil per square foot of heating surface per hour. 

Since these experiments were carried out the official trials have taken 
place with one of the destroyers built by Messrs. Yarrow & Co., Limited, 
H.M.S. Archer, in which boilers fitted with superheaters were ‘provided. 
The result of these trials showed that the gain expected was fully realized, 
and on the full-speed trial the degree of superheat at the turbines was 
94 degrees F.; the shaft horsepower developed was slightly over 18,500, 
which compares’ with about 17,000, which is the shaft horsepower the build- 
ers expected had the boilers been of the usual type. The mean speed ob- 
tained on the six runs on the measured mile at Skelmorlie was 30.9 knots, 
Se wick mean speed for eight hours 30,3 knots, the contract speed being 
28 knots. 

One point to which Mr. Charles Merz (to whom the author is greatly 
indebted for much valuable information) has drawn attention is the neces- 
sity, with superheated steam, of efficiently covering the high-pressure por- 
tions of the turbine cylinder with non-conducting material, because the 
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metal on the inside of the cylinder in contact with the steam becomes 
hotter than that on the outside, especially at the edges of flanges and ribs. 
The inside tends to expand, and this expansion is resisted by the colder 
metal on the outside; consequently, if the temperature difference is great 
enough, the metal will be distorted and perhaps strained beyond its elastic 
limit. For this reason the design of the ribs should be carefully consid- 
ered, the thickness of metal throughout the structure being kept as uni- 
form as possible. 

These experiments have also been the means of pointing out another 
important improvement in the Yarrow boiler, and Fig. 2 has been pre- 
pared, which illustrates the ordinary type of boiler without superheater, 
from which it will be seen that the last two rows of tubes farthest from 
the fire are partitioned off for the feed water to ascend. When working 
the boiler at high rates of evaporation, it was found that notwithstanding 
all possible precautions, even with turned rivets and carefully reamered 
holes, it was impossible to prevent the riveted seam of the water pockets 
from leaking. It was found the pocket was sometimes hot and sometimes 
cool; indeed, in places sufficiently cool to be able to bear one’s hand on it. 
These trials were frequently repeated with the same result, and ultimately 
the cause was found out. The fact was that the suction down the tubes 
which were in close proximity to the feed-heating tubes was so great that 
the cool feed water which had passed up the feed-heating tubes was in- 
stantly drawn down into the water pocket without having had time to mix 
with the hotter water in the upper chamber, as indicated by the arrow in 
Fig. 2. This action took place intermittently, and the water pockets locally 
changed their temperature, one portion of the water pocket being one min- 
ute hot, and another minute comparatively cool, dependent upon the work- 
ing of the feed pump. The strain thus thrown on the metal of the water 
pockets by this short-circuiting of the feed was evidently severe, and re- 
sulted in the leakage of the seams. Having discovered the cause of the 
trouble, it was not difficult to find a remedy. It was found that by simply 
placing a longitudinal partition plate in the upper chamber, so as to avoid 
the short-circuiting of the feed, all difficulties disappeared. This plate is 
shown on the right-hand side of the diagram only, but in practice would, 
of course, be fitted on both sides. The same trouble has before been met 
with, especially abroad, but the true cause was never suspected; it was 
generally put down to inferior workmanship. Even when no trouble is 
experienced it is evident that serious and undesirable strains must at times 
be taking place, which may in the end lead to the failure of the metal, due 
to constant fatigue. By the fitting of this partition plate, however, all such 
strains are eliminated. 

Fig. 3 has been prepared to show the positions of the pyrometers. Table 
C, Fig. 8, shows the temperature of the gases at various points in the 
boiler. The vertical lines correspond to the position of the pyrometers as 
shown. The upper curve indicates the gas temperatures at a rate of evap- 
oration of 16 pounds of water per square foot of heating surface, and the 
lower curve represents the gas temperatures at a rate of evaporation of 
slightly over 3 pounds per square foot of heating surface. The horizontal 
lines represent temperatures, and the line B C represents the temperature of 
the steam at 200 pounds pressure, and the line EF the temperature of the 
air-pump discharge taken at 78 degrees F’. 

It will be observed that a very great drop in temperature takes place 
during the passage of the gases through the first rows of tubes, showing 
the large proportion of heat that is taken out of the gases by these tubes. 
Also, it will be observed that there is a sudden drop in the temperature at 
A and A’—that is, where the gases pass through the last rows of tubes. 
This is due to the fact that the cold feed water (which enters a portion of 
the water pocket) abstracts a greater amount of heat from the gases in 
ascending the two outside rows of tubes than would be the case if these 
tubes were full of water at the temperature of the steam. 
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Referring to Table C, given in diagram form, it will be seen that the 
temperature of the gases at the point A’—i. e., just prior to the gases pass- 
ing the feed-heating tubes—is about 550 degrees F., and the temperature 
of the steam at 200 pounds pressure is 388 degrees F., a difference of only 
162 degrees, whereas the temperature of the air-pump discharge of 78 de- 
grees F. gives a difference of 472 degrees. This clearly shows the gain 
due to this system of feed heating and the desirability of extending it, 
which can be effected by having separate water collectors and feed-heating 
out apart from the main water collectors and main generator tubes— 

there would be two water collectors on each side of the boiler, the 
‘iden connected to the top one acting as a feed heater, and such a design 
of boiler is shown in Fig. 4. 

It should also be pointed out that there is supplementary and an im- 
portant advantage in this feed heating—namely, that any grease or sedi- 
ment that comes over with the feed is deposited in these tubes, which are 
not subject to fierce heat, rather than in those near the fire,.which are ex- 
posed to the intense radiation of the furnace, and thus the life of the 
boiler is prolonged. With the introduction of oil fuel some such arrange- 
ment is the more necessary, because it has been found that the oil heaters 
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leak, with the result that oil mixes with the steam and passes ultimately 
into the boiler. 

As the author thought it would interest the meeting to indicate some of 
the arrangements for superheating and feed heating which may be adopted 
with a view to still further improving the results in connection with such a 
boiler as the one being dealt with, he begs your reference to three illus- 
trations. 

Fig. 5, it will be seen, shows the superheating tubes united to the steam 
drum, and to a steam receiver sufficiently large for a man to enter, the 
tubes being expanded at both ends. In this arrangement all the tubes are 
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straight, a condition much appreciated by many authorities; and also there 
is an additional advantage by this system, as the superheating tubes on the 





one side of the boiler and the feed-heating tubes on the other side of the * 
boiler are of such a length that they can be withdrawn and replaced from pr 
inside the steam drum. he 
Fig. 6 shows a set of U-shaped tubes plated between the generator tubes bs 
and the nest of feed-heating tubes, the nest of generator tubes being re- } 
cessed for about two-thirds of its length to receive the superheater. The 4 
ends of the superheater tubes are expanded into two longitudinal steam 
receivers. This arrangement will probably be the most efficient for a given 
quantity of heating surface. 
Fig. 7 shows the superheater tubes placed at right angles to the gene- fl 
rator tubes. This arrangement has the advantage that all the tubes are F 
straight. It should be noted that the arrangement of running the tubes at 
right angles to the generator tubes has already been adopted in boilers of h 
certain warships constructed by Messrs. John Brown, and also. by Messrs. 
Yarrow, with the exception that a superheater was fitted on both sides of ; 
Taste C, V 
t 
I 
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the boiler, and was, therefore, not under the same control as in the case 
of the superheater fitted only on one side in conjunction with a damper. 

It is proposed in some cases to have an additional damper on the oppo- 
site side to the superheater, the two dampers being arranged so that either 
can be open, or both open, but under no condition can both be closed. 
This enables the superheater side of the boiler to be used to a greater or 
less extent as desired. When cruising at a slow speed this arrangement 
may possibly lead to a more economical result than if both sides of the 
boiler are equally free for the passage of the hot gases. 

Judging by the best practice in land installations, 100 degrees F. super- 
heat is by no means the limit that can be adopted with advantage. It is 
reasonable to suppose that the requisite condition to be desired is that the 
steam should remain in gaseous form as far as possible during its passage 
through the turbine, because any condensation that takes place must di- 
minish the energy given out by the steam to the blades of the turbine, also 
if the steam remains in gaseous form the steam friction is reduced. 
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The author submits, from the results of the accumulated experience of 
others, and from his own experiments, that there will be a certain gain by 
the use of superheated steam of from 8 to 10 per cent. in fuel economy 
when using 100 degrees F. of superheat, and from 11 to 13 per cent. gain 
when using 150 degrees F. of superheat in combination with a pressure of 
200 pounds per square inch. Also a further gain in fuel economy can be 
obtained by an efficient system of heating the feed from the gases after 
they have passed the generator tubes, so that some of the remaining heat 
should be absorbed which would otherwise be lost. Although the experi- 
ments were made with an oil-burning boiler, the various arrangements as 
shown in the diagrams would be equally suitable if coal were used, and 
there is no reason to suppose that similar advantages could not be ob- 
tained. 

With regard to the relative weights of boilers with and without super- 
heaters, provided the total heating surface were the same, there would be 
no appreciable difference. If, however, the complete machinery installa- 
tion is taken into account, there would probably be a small saving in 
weight in the case of the installation with superheated steam. The author 
therefore submits that in the propelling machinery of warships improved 
results can be obtained by superheating, without increased weight, cost, 
space or upkeep, and a further extension of feed heating by the waste 
gases.—‘‘ Engineering.” 


THE DIESEL OIL ENGINE. 


The Diesel Oil Engine, and Its Industrial Importance, Particularly for 
Great Britain.* 


By Dr. RupotpxH DiksEt, of Munich. 


There have been so many publications recently, and especially during 
the past year, in technical periodicals of all languages, on the construction 
of*the Diesel engine and its various types, that it is hardly possible to give 
any fresh information on the subject. Moreover, an excellent paper was 
read only fast summer at the Zurich meeting of the Institution by Mr. 
J. F. Schubeler. The author proposes, therefore, to discuss only ques- 
tions of general importance concerning the Diesel engine, especially those 
questions which are brought into prominence in the title of the paper, 
and to consider them only as the starting point of a thorough and stimu- 
lating discussion. He desires, further, to be exonerated if statements: are 
made in the paper on points which are common knowledge. 

Since its first appearance about fourteen years ago the Diesel engine has 
been built by the thousand in the best factories of all industrial countries, 
and has been set up in the most remote corners of the world. It has 
been proved to be a most reliable engine when properly built, the working 
of which is quite as safe as that of any other system of prime mover ; 
and in general it is even more simple, since it does not require any 
auxiliary apparatus, and since the fuel in its natural and original form, 
without having previously undergone any transforming process, is directly 
converted into work in the cylinder of the engine. As early as 1897, when, 
after four years of difficult experiments, the author had put the first en 
gine into working order in the factory of the Augsburg Works, numerous 
engineering representatives and experts who came from various countries 
to examine this engine expressed the opinion that it gave better heat 





_" Paper read before the Institution of Mechanical Engineers on Friday, March 
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utilization than any known kind of heat engine. From experience gained 
subsequently by working many engines, by gradual improvements in the 
construction and manufacture, and by increasing the sizes, the results have 
been still further improved, and today the thermal or indicated efficiency 
reaches 48 per cent. in this engine, and the effective or brake efficiency 
reaches, in some cases, 35 per cent. of the heat value of the fuel. 

Fig. 1 shows the heat utilization for 1 brake horsepower hour in the 
different kinds of prime movers known today. Science and technical 
knowledge are making continuous progress, and the time will come when 
even these figures will be exceeded; but, with our present scientific knowl- 
edge, any considerably higher efficiency in the process of transforming 
heat into mechanical work is not obtainable. Further progress seems only 
possible with some other method for transforming heat into work; this 
would mean an entirely new principle, which, however, one cannot specu- 
late upon in the present state of science. 


Fig.1. HEAT CONSUMPTION OF DIFFERENT HEAT 
ENGINES PER B.H.P-HOUR. 
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The Diesel engine is therefore the engine which converts the heat of 
the natural fuel into work in the cylinder itself, without any previous 
transforming process, and which utilizes it as far as the present standard 
of science permits; it is therefore the simplest and, at the same time, the 
most economical prime mover. 

These two facts explain its success; it lies in the new principle of the 
internal-working process, and not in constructional improvements or altera- 
tions of older types of engines. There is no doubt that the careful work- 
ing out of all the constructional details also plays a great part in the 
practical success of the Diesel engine, as in any other; but they are not the 
essential points, and, above all, they do not constitute the great importance 
of this engine to the world’s industry. 

A further reason for this importance is that the Diesel engine has 
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broken the monopoly of coal, and has solved the problem of using liquid 
fuel for power production in its simplest and most general form. It has 
become for all liquid fuels what the steam engine and gas engine are for 
coal, but in a much simpler and more economical way. The truth of this 
statement was strikingly proved at the Turin Exhibition of last year. At 
this exhibition, in the large Machinery Hall, a steam turbine and a large 
Diesel engine, both made by Franco Tosi, of Milan, and set up on the 
same stand, were worked together with the same liquid fuel. The boilers 
belonging to the plant were fitted with K6rting nozzles for burning crude 
oil. The difference between the two plants was therefore this: for the 
working of the steam engine the whole boiler plant, with its chimney, fuel- 
supply apparatus, purification plant for feed water with feed pumps, 
extensive steam pipes, condensation plant with water pumps, and an 
enormous water consumption, had to be provided, with the final result of 
consuming 214 or more times the fuel per horsepower required by the 
Diesel engine standing beside it. The latter, being an entirely independent 
engine, without any auxiliary plant, took up its crude fuel automatically, 
and consumed it direct in its cylinders without any residue or smoke. A 
better proof can hardly be imagined, even for the non-technical man, that, 
except in special cases, the steam engine cannot compete economically 
with the oil engine, and from this point of view the power plant in the 
Machinery Hall at Turin must be looked upon as marking a historical 
event. It is hardly possible for a country which produces no’ coal, like 
Italy, to develop a great industry based on the steam engine, and this is 
one reason for the exhibition at Turin of about thirty Diesel engines of 
various types and sizes, and made in different countries. 

Thus the Diesel engine has doubled the resources of mankind as regards 
power production, and has made new and hitherto unutilized products of 
Nature available for motor power. The Diesel engine has thereby exer- 
cised a far-reaching influence on the liquid-fuel industry, which is at the 
present time improving more rapidly than was previously conceivable. 
This is not the place to discuss the matter in detail, but the author wishes 
to mention that, owing to the interest which petroleum producers have 
taken in this important question, new petroleum sources are continually 
being developed and new oil districts discovered. Moreover, it has been 
proved by recent geological researches not only that there is probably on 
the globe as much, or perhaps even more, liquid fuel than coal, but also 
that it is more conveniently distributed as regards its geographical posi- 
tion. Fig. 2. These facts, which are indisputable nowadays, have grad- 
ually silenced those who objected to too great a development of the Diesel 
engine for fear of insufficient stores of liquid fuel. Any such anxiety 
may be relieved by the fact that the world’s production of crude oil in- 
creases at present 3% times more quickly than the production of coal, and 
that the ratio of increase itself is steadily getting higher. Further, that 
40 per cent. of the present production of mineral oil is already sufficient 
to supply the whole of the naval and mercantile fleets of the world with 
power, if they were worked by Diesel engines: also that with the world’s 
present production the number of Diesel engines now working could be 
increased about a hundredfold. 

It may thus safely be asserted that, with the continual development of 
new oil districts, the production of mineral oil will increase much more 
quickly than the demand for newly-built engines. It is therefore not sur- 
prising that, in the last yearly report of the Shell. Transport Company, 
attention was called to the fact that the oil consumption in these engines 
did not nearly equal the production, and that the company has to look 
out for other markets to dispose’ of their superfluous stock. That the 
auxiliary industries of petroleum production are also considerably in- 
fluenced is shown by the great increase which the transport industry for 
liquid fuel has experienced in recent times, especially the great develop- 
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ment of tank vessels which are, or will be, mostly driven by Diesel engines. 

But with all this the influence of the Diesel engine in the world’s indus- 
try is not exhausted. As early as the year 1899 the author utilized in his 
engine the by-products of coal distillation and coke plants, such as tar and 
creosote oils, with the same satisfactory results as with natural liquid 
fuels, but at that time the quality of these oils was generally too inferior 
for their use in the Diesel engine, and it was, moreover, subject to con- 
tinual variations. 

The difficulties were then chiefly the following: 

1. Muddy deposits of solid hydrocarbon, especially naphthalenes, which 
made the working of the fuel pumps difficult, filled up the pipes and noz- 
zles, and formed a hard crust at the nozzle mouths. These solid hydro- 
carbons also made higher ignition temperatures necessary. 

2. Continuous change in quality and composition of the crude, un- 
cleaned tar oils; with each cask fresh variations appeared, even in cases 
where the works guaranteed the use of the same coal and the carrying out 
of the same distilling process, so that it was impossible to make scientific 
observations for drawing any definite conclusions or making logical ex- 
perimental arrangements. The characteristics of crude tar oils were not 
then exactly known, even to the producers; for instance, nobody imagined 
that differences in the distilling temperature and variations in the nature 


.2. MAP SHOWING PETROLEUM FIELOS OF THE WORLD IN THE 1908. 





and position of the retorts gave entirely different tar products even when 
the same coal was used. It is only in recent years that the chemical 
industries interested in the matter have, by improved methods of frac- 
tioning and refining, combined with more careful selection of the material, 
succeeded in supplying fuel of a constant and regular quality, without the 
drawbacks of the crude tar oils used previously. These products—the tar 
and tar oils—are thus today definitely brought into the sphere of activity 
of the Diesel engine. 

In Appendix I is given a table showing the application of various fuels 
for Diesel engines, while Appendix II contains specifications for tar oils 
for Diesel engines, and Appendix III gives the properties of tar. 

From what has been just stated it will be seen that the Diesel engine 
is having an increasing influence on two other industries—the manufac- 
ture of gas and coke—the by-products of which have become’ so impor- 
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tant for power production that an enormous business is at present con- 
nected with them. 

It is especially noteworthy that every town gas works with a modern 
installation, and every coke works, can be completed with an electric- 
power generating plant by using its tars. This will have an excellent effect 
on many municipal and national works. It would take too much time — 
to enter into the details of this question, but one fact stands out clearly 
in this connection—namely, that coal, which seemed to be most threatened 
by the liquid fuels, will, on the contrary, gain a new and wider ground 
of application through’ the Diesel engine. As tar and tar oils are from 
three to five times better utilized in the Diesel engine than coal in the 
steam engine, a much better and more economical utilization of coal is 
obtained if, instead of being burned under boilers on grates in a wasteful 
way, it is first transformed into coke and tar by distillation. Coke is 
used in metallurgical and other general heating purposes; from a part of 
the tar the valuable by-products are first extracted, and undergo further 
processes in the chemical industry, whilst the tar oils and combustible by- 
products, and a great part of the tar itself, are burned in the Diesel engine 
under extraordinarily favorable conditions. 

The proper development of the utilization of fuel, which has already 
been started, and is now making rapid progress, is therefore the following: 
On the one hand, liquid fuel in Diesel engines, and, on the other hand, 
gas fuel, also in the form of gasified coke in the gas engines; solid fuel 
as little as possible for steam-power generation, but only. in the refined 
f>rm of coke for all other heating and metallurgical purposes. 

The list of fuels applicable to the Diesel engine is not, however, ex- 
hausted with these liquid fuels mentioned previously. It is known that 
brown coal or lignite, the production of which is about 10 per cent. of 
the pit-coal production, also yields tars by distillation, and these tars when 
distilled, when worked up on paraffin, produce the so-called paraffin oils 
as by-products. Not all kinds of brown coal, however, are suitable for 
this’ process; but, in any case, these oils have been produced in such quan- 
tities that so far they have satisfied a good part of the German demand 
for liquid fuels for Diesel engines. To these must be added other 
products, such as shale and similar oils—produced not in great, but in 
sufficient quantities to be of importance for power generation. Some coun- 
tries—France and Scotland, for instance—possess them in considerable 
quantities, and they are used in a good many Diesel-engine plants. It is 
not generally known that it is also possible to burn fat vegetable oils and 
animal oils in the Diesel engine without any difficulty. 

At the Paris Exposition in 1900 there was shown by the Otto Company 
a small Diesel engine which, at the request of the French Government, 
ran on peanut oil, and worked so smoothly that only very few people were 
aware of it. The engine was constructed for using mineral oil, and was 
then worked on vegetable oil without any alterations being made. The 
French Government at the time thought of testing the applicability to 
power production of the Arachide, or earth nut, which grows in con- 
siderable quantities in their African colonies, and which can be easily 
cultivated there, because in this way the colonies could be supplied with 
power and industry from their own resources, without being compelled 
to buy and import coal or liquid fuels. 

This question has not been further developed in France owing to 
changes in the Ministry, but the author resumed the trials a few months 
ago. It has been proved that Diesel engines can be worked on earth-nut 
oil without any difficulty, and the author is in a position to publish, on 
this occasion for the first time, reliable figures obtained by tests: Con- 
sumption of earth-nut oil, 240 grammes (0.53 pound) per brake horse- 
power-hour; calorific power of the oil, 8,600 calories (34,124 B.T.U.) 
per kg., thus fully equal to tar oils; hydrogen, 11.8 per cent. This oil is 
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almost as effective as. the natural mineral oils, and as it can also be used 
for lubricating oil, the whole work can be carried out with a single kind 
of oil produced directly on the spot. Thus this engine becomes a really 
independent engine for the tropics. 

Similar successful experiments have also been made in St. Petersburg 
with castor oil; and animal oils, such as train oil, have been used with 
excellent results. the fact that fat oils from vegetable sources can be 
used may seem insignficant today, but such oils may perhaps become in 
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course of time of the same importance as some natural mineral oils and 
the tar products are now. Twelve years ago the latter were not more 
developed than the fat oils are today, and yet how important they have 
since become. One cannot at present predict what part these oils will 
play in the Colonies in the future. In any case, they make it certain that 
motor power can still be produced from the heat of the sun, which is 
always available for agricultural purposes, even when all our natural 
stores of solid ‘and liquid fuels are exhausted. 


HistoricAL SUMMARY. 


The author thinks that a summary of the whole development of the 
Diesel engine, and of the general points connected therewith, with illus- 
trations of a few engines which mark stages in its evolution, may be of 
interest to the members. Several of these have already been published 
separately in the technical Press, but the series, as a’ whole, ‘in its his- 
torical connection is quite new, and a certain number of the photographs 
have not been previously published. Figs. 3 and 4 show small illustrations 
of the principal movements in the four-stroke and two-stroke cycle en- 
gines, with the corresponding indicator diagrams in Figs. 5 and 6, because 
these will constantly be referred to in the paper. 
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NOTES. 


Four-StroKE CycLe ENGINE. 


Vertical Stationary Engines—The first experimental Diesel engine, Fig. 
7, constructed in 1893, had the piston fitted with a piston rod and external 
crosshead, the cylinder having no water jacket; the cam shaft was ar- 
ranged very low, and the valves were actuated by means of long rods. 
The starting storage chamber consisted of a wrought-iron pipe with 
riveted flanges, and there was no air-supply pump, the fuel being injected 


directly. 

















Fic. 7.—First ExpERIMENTAL Dikset, ENGINE, 1893. 


_ Alater pattern (Fig. 8), built in 1895-6, had a similar base to that shown 
in Fig. 7, but it had a water-jacketed cylinder, and the cam shaft was 
placed higher up. But the most important difference from the old pattern 
was in the air-supply pump, the necessity for which was only recognized 
after several years’ experimenting, as without it a smokeless combustion 
could not be effected. This air pump is single-acting, but the author pre- 
viously used a special vertical compound air pump driven from a trans- 
mitting shaft. 
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The first French and Belgian engines were nearly of the same type as 
that shown in Fig. 8, but had no air pump; they were also of better and 
more compact construction. 

The first reliable Diesel engine, Fig. 9, of 18 horsepower, was finished 
in 1897 at Augsburg, after about four years’ laborious experimenting. It 
was a vertical engine having the piston connected to an external crosshead 
and worked on the four-stroke cycle. The illustration shows the engine 
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Fic. 8.—LATER regi ceo PATTERN, 1895-6. 








wih the testing brake attached, and with the other testing apparatus 
exactly in the state in which it was used by the numerous commissions of 
engineers and experts who came from different countries to examine 
the engine, as mentioned earlier in this paper, This type was for about 
ten years the exclusive and almost stereotyped pattern for all Diesel en- 
gines, which were built in various countries. 

In the following year, 1898, the first single-cylinder engine of 20 to 25 
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horsepower was built at the Augsburg Works. This engine had almost 
all the characteristic details of the experimental engine just mentioned, 
the only difference being that the experimental engine had the cylinder 
connected to the base by an inclined column in front, whilst the latter 
pattern had the well-known A-frame which the author employed on his 
first experimental engines. No further alterations have been made. The 














Fic. 9.—First Compiete ENcrne, 18-Horskrowrr, 1897; SHowinc Brake 
AND OTHER TESTING APPARATUS. 


engine had still the external crosshead and guides,’ and the petroleum 
pump was actuated by the cam shaft in exactly the same way as in the 
experimental engine, Fig. 9. The air pump was cast on the base in exactly 
the same way and was driven in both cases by rocking beams from the 
crosshead. The lubrication of the cylinders was effected by means of 
Mollerup appliances, and the valve rods, the regulator, and all the details 
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were identical in both engines. Except for alterations in unimportant de- 
tails of construction, the only changes since made were that the dimensions 
and the number of cylinders were enlarged. 

The two-cylinder engine of 60-76 horsepower was made in 1899, in 
which all the details of Fig. 9 are still to be recognized. The only altera- 
tion which was made in the year 1901 was the abandonment of the external 
crosshead and adoption of the trunk piston shown in Fig. 10. A compari- 
son of this engine with that illustrated in Fig. 9 shows that, with the ex- 
ception of the omission of the crosshead, no alterations of any importance 
have been made. Vertical four-stroke ‘cycle engines of from 10 to 250 
horsepower per cylinder were constructed after this pattern, and units 
up to 1,000 horsepower were obtained by combining several cylinders. 
These engines ran at comparatively low speeds, from 160 to 200 revolu- 
tions, according to their size, and were of very heavy construction. Their 
weight was originally from 280 kg. to 350 kg. (617 pounds to 771 pounds) 
per horsepower, and later from 240 kg. to 300 kg. (529 pounds to 661 
pounds) per horsepower. This type of engine was used exclusively as a 
stationary plant for various industrial purposes. The two-cylinder M.A.N. 
engine of this type of 250 horsepower, or 125 horsepower per cylinder, was 
built in 1902. 














Fic. 10—TrunxK Piston Type, 70 To 90 HorsEPowER, 1901. CyLINbER, 15.75 
INCHES IN DIAMETER; 26.62 INCHES STROKE; 150 REVOLUTIONS 
PER MINUTE. 
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A three-cylinder engine of the same type, Fig. 11, was made by Sulzer 
Brothers in 1906. The two latter engines show a slight alteration; the 
petroleum pump is driven from the vertical instead of from the horizontal 
cam shaft, as was the case in the previous engines. The engines built 
by Sulzer Brothers and by Carels have also a rotating stuffing box for 
the fuel needle. ‘This arrangement was first built in Sweden on the 
author’s instructions, and worked successfully. The well-known 500 horse- 
power three-cylinder engine of Carels was exhibited at Liége in 1905. 




















Fic. 11.—THReE-CyLINDER 300-HorRSEPOWER ENGINE, 1906. 


The author has purposely referred to this type of engine to show that 
these engines, which have been built in various factories and in various 
countries, still remain almost an exact copy of the old experimental engine, 
Fig. 8. Only in America was the design simplified, or rather cheapened, 
from the commencement by the director of the American Diesel Engine 
Company, Colonel E. D. Meier. In America the engines were built with- 
out crossheads from the beginning, an idea which, as already mentioned, 
was followed in the year 1901 by the European works, after the American 
engines with trunk pistons had proved successful. The Americans also 
built from the commencement a closed base frame, and this construction, 
as will be seen later, has also been recently adopted in the European high- 
speed engines, but in a more refined and better form. Moreover, the 
American engines had no valves in the cylinder covers, Fig. 12, but they 
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Fic. 13.—Four-Stroke Cycie Hicu-Sprep ENGINE, 1909; SHow1nG Box- 
FRAME AND AIR Pump. 
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were placed in a chamber cast at the side of the cylinder, which necessitated 
the fuel needle being placed horizontally between the suction and the ex- 
haust valves. Finally, the Americans, instead of driving the air-supply 
pump direct from the engine, always set it up independently and drove it 
either by a small extra engine, by a transmission shaft, or by an electric 
motor, in the manner in which air pumps are now set up in many Diesel 
engine plants on board ship. All these alterations were made with the 
object of cheapening the manufacture, which is the cardinal feature in 
American practice. 











Fic. 14.—Four-Stroke Cycie, 5 Horsepower, 1909. 


A remarkable fact is that the first Diesel engines, built in 1897-8, are 
still working, without any change in their fuel consumption; also the first 
English engine, built by the Mirrlees, Watson & Yaryan Company, at 
Glasgow, according to the author’s design of fourteen years ago, is still 
working. 

As the central electric stations took up the Diesel engine very early, the 
necessity for quicker-running engines arose. This need, and the improve- 
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ment in methods of construction and utilization of materials, caused the 
gradual introduction of the new quicker-running four-stroke cycle engines, 
with speeds of from 300 up to 600 revolutions. These, however, were still 
exclusively vertical. The main difference in construction as compared 
with the first type was that the bearings of the crank shaft were connected 
with the cylinders by means of light steel columns, instead of by heavy 
cast-iron A-shaped frames, so that the cast-iron pedestal of the machine 
became a light crank case, relieved from great strain; in addition, the 
thickness of all the castings was diminished. By this means the weight of 
the engines was reduced to about one-fourth to one-fifth of the weight of 
the old types, or to about 50 kg. (110 pounds) per horsepower. Engines 
of this kind are now built up to about 700 horsepower, and are especially 
suitable for driving dynamos, blowers and centrifugal pumps, and also as 
auxiliary engines on board large vessels, etc. 

The first of these high-speed four-stroke cycle engines made by the 
M.A.N. had no alterations in the valves, the needle or the gearing, nor in 
the driving and the position of the petroleum and air-supply pumps, etc. 

In a four-stroke cycle high-speed engine, Fig. 13, made by Messrs. Sulzer 
Brothers in the year 1909, the only difference, except the box-pattern frame, 
between it and the arrangement of the old type consisted in the position 
of the air-supply pump, which was in this case fitted to one end of the 
engine and driven direct from the crank shaft. In a later four-stroke 
cycle high-speed engine of 350 horsepower, made by Messrs. Sulzer 
Brothers in 1911, the air-supply pump was also driven from the crank 
shaft, but was fitted between the cylinders on the box-pattern base in a 
neater way. In this case also no radical alteration has been made. 

These latter kinds of engines may be regarded as the final and perma- 
nent type of the vertical four-stroke cycle engine for stationary purposes, 
both for high and low speeds. With this and similar types the develop- 
ment of the four-stroke cycle engine reached a definite state of develop- 
ment. When in the last decade, through rapid development of the French 
submarines, an urgent need for a reliable submarine engine was felt, these 
four-stroke cycle engines were further reduced in weight by using steel 
and brass castings, with still thinner walls, and they have also recently 
been fitted with reversing gear. The author will return to this point later 
when discussing marine engines. 

Small Engines—This summary of the development of the vertical four- 
stroke cycle engine would not be complete without a reference to the 
small engines which have recently been built in accordance with the 
author’s designs. Fig. 14 shows a complete 5-horsepower one-cylinder 
plant, designed in 1909, for 600 revolutions per minute, with petroleum 
tank, starting and air-admission chambers. ‘The officially recognized con- 
sumption for this small engine is 240 grammes (0.53 pound) per brake 
horsepower. which is therefore not much more than with the old large 
engines of medium horsepower. At present the author is endeavoring 
to simplify and strengthen this small engine, which will then be suitable 
for small manufacturers and for faymers, who are not especially skilled 
in mechanical work. 

Fig. 15 shows a 10-horsepower plant which is composed of two 5-horse- 
power cylinders of the above kind; the air pump is driven direct by the 
main shaft. The cam shaft is arranged in the lower part of the base, as in 
automobile engines. For this construction many hints have been taken 
from automobile-engine designs. 

Horizontal Stationary Engines.—After vertical engines had solely been 
used for about twelve years, horizontal four-stroke cycle engines were 
built. The author is uncertain whether this type was a real necessity, or 
whether it was originally only constructed for purposes of competition to 
bring out something new; it is, however, not his intention to compare the 
merits of the two types. The first horizontal engines were practically 
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only vertical engines laid on their sides, without any independent struc- 
tural innovations; all the valves were fitted in the cylinder cover, in exactly 
the same way as was done in the old vertical engine shown in Fig. 9. The 
valves were actuated by a small cross shaft, which was itself driven by 
means of gears from another shaft parallel to the cylinder axis. The air 
pump was fitted in exactly the same way as in the old vertical engine. 











Fic. 15—Dovusie-CyLinper Four-Stroke Cycir, 10 Horsepower. 


Gradually the designers freed themselves from the tradition of the 
vertical engine, and some details were altered in such a way that they 
were more suitable for the horizontal position, and a type of engine was 
thus obtained which is hardly distinguishable from the horizontal gas en- 
gines, as Fig. 16 shows, In this engine, made by the Swiss Locomotive 
Works, Winterthur, the inlet valves are no longer placed in the cover, but 
on the side of the cylinder as in gas engines, and are directly driven from 
the longitudinal cam shaft. A cross cam shaft is no longer used. Only 
the fuel and exhaust valves are left in the cover, while the air compressor 
is here arranged in another way. 
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These designs are today very often used for smaller plants of 20 horse- 
power and more, especially by gas-engine manufacturers, who took up the 
construction of Diesel engines on their own account on the expiration of 
the patents, and who preferred to keep to the old types of horizontal gas 
engines. But the M.A.N. built such horizontal Diesel engines for very 
high horsepowers as double-acting four-stroke cycle engines with two or 











Fic. 16.—HorizontaL Tyrer, 50 Horsepower. 


four cylinders arranged tandem. The largest engine of this kind so far 
is a double-acting four-stroke cycle tandem twin engine, of 1,600 to 2,000 
horsepower, or 400 to 500 horsepower per cylinder, with a speed of 150 
revolutions per minute; this engine is working in the Corporation gas 
works at Halle, using water-gas tar as fuel. It was constructed on the 
lines of the well-known Nirnberg large gas engine for blast-furnace gas. 


Two-Strokt Cycle ENGINES. 


As very often stated by the author, the Diesel principle is esséntially 
suitable to a two-stroke cycle engine, because the scavenging is not done 
with a fuel-air mixture, but with pure air, so that not only untimely ig- 
nitions, but also fuel losses are avoided, and the scavenging can be done 
more effectively, and with almost any quantity of air desired. 

The first two-stroke cycle engines on the Diesel principle were built 
in 1900 and 1901, in Germany and England, after drawings made by 
Gildner, but without success, because these drawings still followed too 

. closely the two-stroke cycle gas engines, and because the constructional 
arrangements were unsuited to the Diesel engine. 

Successful attempts to. construct a two-stroke cycle Diesel engine on 
entirely new lines have, however, been made. recently. by Messrs. Sulzer 
Brothers, of Winterthur, so that today this type is on a nearly equal foot- 
ing with the old four-stroke cycle engine. This has been effected by 
working entirely on the original Diesel principle. The author says “on a 

nearly equal footing,” because the four-stroke cycle engine still has a 
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better combustion and a more economical fuel consumption, and is, above 
all, simpler in its method of working. It thus remains the standard 
perfect engine, and still predominates for medium-sized stationary plants 
up to 500 or 600 horsepower (no exact limit can be given) wherever the 
highest perfection and the greatest economy are desited; but engineers 
are now doubtful whether this supremacy will last much longer. On the 
other hand, the two-stroke cycle engine,- with its smaller cylinders, has 
now come into favor for stationary plants of higher horsepower, and, as 
a marine engine, is likely to become the standard type. 

Two considerably different fundamental types of two-stroke cycle en- 
gines have so far been competing. To explain the principal difference the 
author shows some sectional drawings. The first fundamental type is the 
engine made by Messrs. Sulzer Brothers, Fig. 17, with separate scavenging 
pump. The second—the M.A.N. engine, Figs. 18, 19 and 20—was brought 
out much later; in it the scavenging pump, which has an annular piston, 
is placed underneath each combustion cylinder. Both engines are single- 
acting. The author does not wish to comment upon the advantages and 
disadvantages of the different types, but would leave them to be discussed. 
Their relative merits can only be settled by experience. 

A three-cylinder 750-horsepower Sulzer-Diesel two-stroke cycle engine, 

and a still larger Sulzer-Diesel four-cylinder two-stroke cycle engine on 
the same system, of 2,000 to 2,400 horsepower, were illustrated in Mr. 
Schubeler’s paper, read at the Ziirich meeting of the Institution last year. 
For such large engines two scavenging pumps are necessary. This engine 
has Ho ih an even greater power than the horizontal M.A.N. engine 
at Halle. 
* An addition to the two-stroke cycle engines of an entirely new type 
has been recently made. It was built by Professor Junkers on the lines 
of the éld Oechelhauser gas engine, with two pistons working in opposite 
directions in one cylinder, but acting on the Diesel principle. A horizontal 
1,000-horsepower engine of this kind is at present being tested at the 
laboratory of Professor Junkers at Aix-la-Chapelle. The merits of this 
type of engine are left for discussion. 


Marine ENGINES. 


The first marine Diesel engine of 20-horsepower, Fig. 21, was con- 
structed in 1902-3, in France, for use on a canal boat, by the French 
engineers Adrien Bochet and Frédéric Dyckoff, in conjunction with the 
author. This engine had, like the Junkers engines already mentioned, two 
pistons working in opposite directions in one cylinder, but the flywheel 
shaft was not at one end of the cylinder as in the Junkers engine, but tra- 
versed a cooled chamber passing straight through the combustion chamber. 
The engine worked on a four-stroke cycle. The great feature of this ar- 
rangement was the very high speed which was made possible by the per- 
fect balance. This small engine was, as stated, used to drive a canal 
boat and worked quite satisfactorily. Others were also built in various 
sizes up to several hundreds of horsepower for some French submarines 
by Sautter, Harlé & Co., Paris. 

This type of engine is of no further practical interest today; but while 
its first application to a canal boat is of no importance in itself, it has at 
least the historical interest of being the first Diesel engine to be used on 
a boat. Since the date named the evolution of the Diesel marine engine 
has steadily continued, chiefly on the demand of the French submarines 
and Russian river boats. The author has already mentioned that later 
on the high-speed four-stroke cycle engines, built for electric-power sta- 
tions, were made even lighter than before, and used for French sub- 
marines and for Russian river vessels, These engines were not originally 































































































Fig 17. SinGLE-ACTING TWO STROKE CYCLE ENGINE WITH SEPARATE SCAVENGING PUMP (SULTER) 
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reversible; on the contrary, they were used to generate electricity by means 
of which the propellers were driven indirectly for maneuvering. In the 
most favorable case (Delproposto) the propulsion of the vessel was per- J 
formed directly by the engine, whilst the maneuvering and slow driving TI 
were done by means of electricity. Thus Fig. 13 represents an. engine 
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Fic. 18.—Derait or StncLE-Actinc Two-StrokE Cycre EncInE (M.A.N.). 


which has been worked originally, not only as a stationary, but also as a 
marine engine, although it was not really designed for marine purposes. 
The first reversing marine two-stroke cycle Diesel engine was built in 
1905 by Messrs. Sulzer Brothers at Winterthur; it was exhibited in 1906 
at Milan, and fitted to a vessel on Lake Geneva in the same year. At that 
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Fic. 21.—First MarInE ENGINE FoR CANAL Boat, 20 HorsEPowER, 1902-3. 


time engineers were not quite clear as to the importance and value of the 
two-stroke cycle principle, and many firms went on trying for years to 
make the four-stroke cycle engine reversible. The first engine of this 
kind was built by Messrs. Nobel Brothers at St. Petersburg in the year 
1908, and was fitted to a Russian submarine. Fig. 22 shows this 120- 
horsepower three-cylinder engine. It is even visible from the outside 
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Fic. 22.—Four-StrrokE Cycie ENGINE, 120 Horsepower, 1908. 
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view what great mechanical complications were at first caused by the 
reversing of the four-stroke cycle engine. This problem has recently 
been solved in a much more simple and neater way, in a six-cylinder 150- 
horsepower reversible four-stroke cycle engine of 350 revolutions, con- 
structed in the year 1911 by the French firm, Messrs. Delaunay- -Believille. 
This engine is fitted with two air pumps, of which a spare one is for 
maneuvering. In many factories reversible four-stroke cycle marine 
engines are still built, but, on the whole, engineers are, for navigation 
purposes, inclined to abandon the four-stroke cycle engine entirely and 
to replace it by the two-stroke cycle engine. 

The small four-cylinder engine of 30 horsepower and 600 revolutions 
per minute, illustrated in Fig. 23, is also a reversible four-stroke cycle 
engine. It was built for experimental purposes in the year 1909, after 
designs by the author, as an automobile engine for heavy loads, but it 
can also easily work as a marine engine. The cam shaft is mounted on 
the cylinder cover, and the illustration shows the engine with the cover 
lifted. The illustration above referred to is again of historical value in 
so far as it illustrates the first attempt to construct the Diesel engine as 
an automobile engine for traction wagons, and no doubt in future years 
these experiments, carried out in some different way, will lead to satisfac- 
tory results. 

















Fic. 23.—EXPERIMENTAL REVERSIBLE Four-CyLINDER Four-STROoKE CycLt 
ENGINE, 30 HorsEPowEr, 600 REVOLUTIONS PER MINUTE, 1909. 


Fig. 24 shows a quite new Sulzer six-cylinder marine engine working 
at 300 revolutions, in which an innovation may be noted. The scavenging 
valves are not fitted on the top within the cover, but below in the scav- 
enging air reservoir. Quite recently very large cylinder units single and 
double-acting vertical two-stroke cycle Diesel engines have been built. 
Fig. 25 shows one of these single-acting two-stroke cycle engines with one 
cylinder of 1,200 horsepower, made by Messrs, Carels Fréres, the results 
of the tests of which are as yet little known to the public. It is gen- 
erally known, however, that in the Nirnberg works of the M.A.N. im- 
portant experiments with large double-acting two-stroke cycle engines 
are being carried out. 
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Fic. 25.—SrncLE-Cyninper Sincie-Actinc Two-StroKE CycLE ENGINE, 
1,200 Horsepower, 1911. 


In these works prolonged official tests of a three-cylinder double-acting 
two-cycle engine of 850 horsepower were made in August, 1911, and the 
results proved highly satisfactory. At the present time a double-acting 
two-cycle three-cylinder engine of 2,000 horsepower per cylinder is being 
tested at Niirnberg. The dimensions of these cylinders are as follows: 


Daamrever 9. 2. eo 29 Eo OIE ae 800 mm. (31% inches ). 
Sproles OSE. GNU? oc eei le 1,060 mm. (4134 inches). 
Revolutions per minute............ 160 


The air-supply pump for fuel injection is driven by a special Diesel 
engine, whilst the scavenging pumps are driven direct from the crank 
shaft. 

If, as seems probable, these tests also give satisfactory results, the era 
of very large Diesel engines has begun, especially low-speed marine engines 
suitable for driving propellers, This last engine has already yielded con- 
siderably more than 2,500 horsepower per cylinder, so that an engine unit 
of this kind with six cylinders would give 15,000 horsepower, or 45,000 
horsepower for a vessel with three propellers. This kind of marine engine 
requires six cylinders to ensure a regular turning moment and balancing, 
so that the number of cylinders cannot be considered abnormally high; 
on the contrary, it must be accepted as the most suitable and proper 
number. The opinion which was still prevalent some months ago, that 
about 1,000 horsepower per cylinder is the maximum for Diesel engines, 
has therefore been quickly overthrown by these facts, and it may’ be safely 
assumed that the day of the large marine engine is already very near at 
hand. At Messrs. Krupp’s Germania Works cylinder units of 2,000 horse- 
power double-acting two-cycle are being tested at present; also at Sulzer’s 
works a single-acting two-cycle cylinder of 2,000 horsepower, and at 
Messrs. Vickers’ works a three-cylinder single-acting two-cycle, of 2,000 
horsepower per cylinder, are being constructed. 

Junkers’ system is used for vertical marine engines. The author regrets 
that he has nota photograph of a finished engine. 

From motives of prudence the various navies which are now fitting some 
large warships with Diesel engines started with one Diesel only out of 
the two or three’engines on board; the Diesel works alone when the ship 
is running at normal speed, but for high speed steam is used as ‘an 
auxiliary. It is evident that larger warships will not be fitted solely with 
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Diesel engines until practical tests on the high seas have proved to be 
completely successful. 

Conclusions—As will be seen from this historical summary, countless 
different types of Diesel engines have been so developed that it has become 
very difficult for even the expert to choose between them. If one looks 
through the technical press, numerous other schemes will be found on 
which the author will not dwell, as they have never been actually carried 
out. Today, if a new firm is about to manufacture Diesel engines, it is 
almost impossible to give them sound advice as to the type and size they 
should choose from this bewildering variety. The fads, habits and tastes 
of the purchasers, and the kinds of machine tools in use in the works, 
have to be taken into consideration rather than technical points of the 
engine itself. Development is proceeding so rapidly at present that, within 
a few months, opinions even on important points may easily be changed. 

Still, the author believes that this period of chaotic production will soon 
be over. At present it is generally agreed that the four-stroke cycle en- 
gine from 5 up to 600 horsepower may be regarded as the exclusive type 
for stationary plants; but it will probably not remain so much longer 
in spite of its perfection, in view of the development of the two-stroke 
cycle engine, especially that of the double-acting type. 

The use of the two-stroke cycle engine for stationary work has in- 
creased, but it is anticipated that this will be still further extended. Al- 
though this engine may never equal the four-stroke cycle engine as regards 
thermal efficiency, its initial cost is so much lower that its: slightly higher 
fuel consumption will be more than counterbalanced by: the greater in- 
terest and amortisation on the higher-priced four-stroke cycle engine. 
When this stage is reached, the question is simply one of economy. In the 
author’s opinion the two-stroke cycle engine will thus soon make headway 
for stationary plants. It will therefore be necessary to produce from the 
various systems of two-stroke cycle engines a simple standard type, with 
which the more complicated types will not be able to compete. It is the 
author's belief that this simple standard type will make its appearance 
very soon, and that thus the Diesel engine movement will leave the un- 
settled stage and enter on a period of quiet expansion. 

In Appendix IV is given a list of vessels propelled by Diesel engines, 
which is as complete as the author has been able to make it from private 
information and from publications. As many firms do not publish the 
details of their work, and as very little information can be obtained about 
anything connected with warships, such a list cannot claim to be com- 
plete. It gives only a general idea of the immense amount of work which 
is being done at present in this direction. 

In Appendix V some brief results of vessels propelled by Diesel engines 
are given, as far as it has been possible to obtain them. 


SpEcIAL IMPORTANCE OF THE Drésk, ENGINE FOR GREAT BRITAIN. 


After this short summary about the importance of the Diesel engine for 
the world’s industry in general, and the historical review of Diesel types, 
the author desires to add a few words on the importance of the Diesel 
engine especially for Great Britain. In this connection the three, follow- 
ing facts must be borne in mind: 

(1) Great Britain is an exclusively coal-producing country. 

(2) Great Britain has the largest Colonial Empire in the world; an 

(3) Great Britain is the greatest shipping nation in the world. 

Dealing with (1), Great Britain has had, at least until today, no natural 
liquid fuels of its own; it is an exclusively coal-producing country. Based 
on these statements, it has often been seriously put forward in recent timds 
that England has no interest in the Diesel engine, and that it is against 
her most vital interest to participate in the development of this engine, 
as she would neglect her wealth in coal, and make herself dependent on 
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foreign markets when using liquid fuels. The Exhibition at Turin has 
shown clearly that England has still very little interest in the Diesel engine 
as far as stationary plants are concerned, owing to her abundance of coal; 
for in the English Section, with the exception of some very small oil en- 
gines, only generator-gas engines were exhibited; but these were numerous, 
of first-class workmanship, and were built by the best firms in the country. 
England has therefore made great progress in power generating with gas, 
while. she has up to the present given relatively little attention to power 
generating with liquid fuels. % 

But the foregoing arguments in favor of coal are not correct; the con- 
trary is true. England has the greatest interest in replacing the coal- 
wasting steam engine by the more economical Diesel engine, and this, 
firstly, because she can therewith effect enormous savings in her most 
valuable treasure—coal—and thus defer the exhaustion of her stock; and, 
secondly, hecause she can run her coal industry and the independent chemi- 
cal industries on more economical lines when using the coal in the more 
rational and refined. way, as already mentioned. Finally, because she will 
also make herself free and independent of foreign markets for the supply 
of liquid fuels by using coal in this way—that is, by working the tars and 
tar oils in the Diesel engine. It is not intended to imply that the whole 
demand of fuel'for England could be produced in this way in the coun- 
try itself, but through the inland production, increase of price for foreign 
oils and the establishment of trusts and monopoly companies will be pre- 
vented. In this sense independence is meant.* 

(2) Great Britain has the Largest Colonial Empire in the World.— 
It is not possible to foresee today what England can obtain for her Colo- 
nies from the Diesel engine;'even when using only the natural mineral 
oils, the Diesel engine is the predestined colonial engine, because only 
about the fourth or sixth part of weight in fuel has to be transported for 
it to the Colonies and their hinterlands, as compared with the steam 
engine. For a colonial engine the cost of freightage for fuel is generally 
the determining factor. Further, the transport of these liquid fuels is 
considerably easier and more convenient than the transport of coal, es- 
pecially when tank vessels and pipe lines are used; and, finally, the diffi- 
culty of working a boiler plant will only occasionally come into considera- 
tion in the Colonies, especially in the interior, except, of course, for small 
plants using wood, straw and the like. 

It may be mentioned, in this connection, that a pipe line of 400 km. 
(about 250 miles) in length for crude petroleum is being built on the 
River Congo from Matadi to Leopoldville, by means of which this ex- 
tensive district will be supplied, in the simplest and cheapest way, with a 
constant flowing fuel source, from which navigation and the railways, 
agriculture as well as other industries, will get their element of life— 
namely, motor power. This magnificent example ought to be followed 
in the English colonies; it is not necessary to specify in detail the great 
importance of such an undertaking for them. 

If one also considers that the Diesel engine can utilize vegetable oils, 
entirely new prospects are brought to light for the cultivation and ex- 
pansion of industry in the colonies, which are for no other country of 
such eminent importance as for Great Britain; and this is where she 
ought to start as soon as possible. The Diesel engine can be worked with 
the colonies’ own resources, and thus again can influence to a great extent 





*In this connection it may be of some interest to state that the tar production of 
Germany is ‘sufficient for more than 5 milliards of horsepower-hours per year, which 
means about 13% millions of horsepower running 300 days of.ten hours each all 
the year. In case of war and cutting off the supply of foreign fuel, this quantity 
would be entirely sufficient for running the whole fleet, war and mercantile, and 
for providing in the meantime the power for the inland industry as far as neces- 
sary. The author has not the figures for England, but he presumes they are of 
similar significance. 
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the further expansion of agriculture in districts where it is predominant. 
This sounds today somewhat like a dream, but the author ventures to 
prophesy, with full conviction, that this way of using the Diesel engine 
will one day be of the utmost importance. 

3. Finally, Great Britain is the Greatest Shipping Nation in the World. 
—When the first successes of the Diesel engine, as a marine engine, were 
heard of in England recently, and it was published that already numerous 
small mercantile and war vessels were fitted with Diesel engines, and the 
possibility of more important plants was mentioned, and when it was 
realized that larger ocean vessels were destined to be fitted with Diesel 
engines, and that even a warship with a very large Diesel engine was in 
construction, it provoked a great movement and excitement in Great 
Britain which is still fresh in our minds. Moreover, the reports about 
successful voyages with Diesel vessels under very difficult weather con- 
ditions are already increasing in number. The captains who have had 
Diesel engines on their vessels report on the great security and comfort 
in working; shipbuilders publish the figures of their savings. It is un- 
questionable that one of the greatets evolutions of modern industry will 
be connected with this development of the Diesel engine, and that Great 
Britain, as the greatest shipping nation of the world, will derive the 
greatest advantage from it. 





APPENDIX I. 
SurtaB_e O1ns. 


The Swiss Fuel-Testing Laboratory at the University of Zurich, under 
the direction of Professor Constam, decided to undertake the examina- 
tion of the qualities and composition of all liquid fuels which can be used 
for Diesel engines. These researches included the investigation of the 
following points: 

1. On the physical properties, such as 

(a) Properties when cold, 
(b) Properties on heating (boiling analysis). 

2. Chemical properties, such as: 

(a) Chemical constituents. 
(b) Percentage of H:O and ash. 
(c) Calorific power. 

This laboratory is destined to become a center for the investigation of 
fuels for Diesel engines on account of the perfection of its equipment, the 
accuracy of its work, and the excellence of its management. The La- 
boratory intends to publish from time to time exhaustive reports of its 
researches. 

From tests and examinations already made, power oils have been di- 
vided into the following three classes: 

1. Normal Oils which can always be Used: 

{ Hydrogen over 10 per cent. 
(a) Mineral oils freed from ] Calorific power, per kilogram, over 
benzine (gas-oils). 10,000 calories (39,680 B.T.U.). 
l No solid impurities. 
Hydrogen over 10 per cent. 
(b) Lignite tar oils.,......... Calorific power, per kilogram, over 9,700 
a ia (38,489 B.T.U.). 
y carcely any researches have been made 
(c) Soler ki nr vod | on these. Earth-nut oil has 11.8 per 


2 ; ae cent. hydrogen, and calorific power, 
earth-nut oil, castor-oil, | per kilogram, 8,600 calories (34,124 
fish oils, ete. BTU.) 


Tars from horizontal or inclined retorts. 


* This class of oil has been added by the author from his own investigations of 
earth-nut oil. 
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2. Oils which can be-used only with the aid of special apparatus: 
(a) Pit coal-tar oil. 
(b) Vertical-oven, water-gas, and oil-gas tars, probably also coke- 
oven tars, the tests on which have not yet been completed. 
General characteristics : 
Hydrogen not over 3 per cent. 
Amount of free carbon not over 3 per cent. 
Residue on coking not over 3 per cent. 
Calorific power not under 8,600 calories per kilogram (34,124 
B.T.U.). 
3. Oils which cannot be used: 

Tars from horizontal or inclined retorts. 

It must not be understood that these will not be used in’ Diesel engines 
under special conditions; but, on the whole, the above classification is 
accurate in the present state of development of the Diesel engine. 

It is evident that for estimating the value of power oils, not only the 
above qualities, but all their chemical and physical properties must be 
considered, which is only possible after a thorough investigation of each 
kind of oil. 


AppENDIX II. 
SPECIFICATIONS OF TAR-Ot, SurTABLE FOR DiESEL ENGINES. 


(From the German Tar-Production Trust at Essen-Ruhr.) 


1. Tar oils: should not contain more than a trace of. constituents in- 
soluble in xylol. The test on this is performed as follows :—25 grammes 
(0.88 oz. av.) of oil are mixed with 25 cub. cm. (1.525 cub. in.) of xylol, 
shaken and filtered. -The filter-paper, before being used, is dried and 
weighed, and after filtration has taken place it is thoroughly washed with 
hot xylol. After re-drying the weight should not be increased by more 
than 0.1 gramme. 

2. The water contents should not exceed 1 per cent, The testing of 
the water contents is made by the well-known xylol method. 

3. The residue of the coke should not exceed 3 per cent. 

4. When performing the boiling analysis, at least 60 per cent. by volume 
of the oil should be distilled on heating up to 300 degrees C. The boiling 
and analysis should be carried out according to the rules laid down by 
the Trust. 

5. The minimum calorific power. must not be less-than 8,800 calories per 
kilogramme. For oils of less calorific power,.the purchaser has the right 
of deducting 2 per cent. of the net:price of the delivered oil for each 100 
calories below this minimum. 

6. The flash point, as determined in an open crucible by Von Holde’s 
method for lubricating oils, must not be below 65 degrees C. 

7. The oil must be quite fluid at 15 degrees C. The purchaser has not 
the right to reject’ oils on the ground that emulsions appear after five 
minutes’ stirring when the oil is cooled to 8 degrees. 

Purchasers should be urged to fit their oil-storing tanks and oil pipes 
with warming arrangements to re-dissolve emulsions caused by the tem- 
perature falling below 15 degrees C. 

8. If emulsions have been caused by the cooling-of the oils in the tank 
during transport, the purchaser must re-dissolve them by means of this 
apparatus. 

Insoluble residues may be deducted from the weight of oil supplied. 
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AppENDIx IV. 


List or, VESSELS PropELLED BY DrkSEL, ENGINES. 


| (Built or in course of construction upto. November, 1911; and compiled 
from publications and private pote. . : i 
| As a good many firms maintain strict secrecy about their work in this 
direction, and as the information obtainable about naval ships is both 
scarce and unreliable, the lists are not complete. In any case the figures 
are ‘minima. 
(a) Oil-Tank Vessels (21).—Of these there are :— j 
| Twelve Russian: On the Volga and the Caspian Sea, principally 
transporting oil for Messrs. Nobel Brothers, St. Petersburg. The 
| largest of these vessels is the Djelo, 5,000 tons displacement, 1,000 
to 1,200 horsepower. 
Four German: For the German-American Oil Company (Standard 
| Oil Company). Largest vessel, 15,000 tons displacement, 3,500 to 
| 4,200 horsepower. In constriction at Messrs. Krupp’s Germania 
‘Works. The ‘vessel will be constructed on the Isherwood. system, 
and is to contain 22. tanks. 
Three Dutch: For different oil companies, one of which is the Anglo- 
Saxon Petrol Company, London. The largest vessel is of .9,300 tons 
displacement and 2,200 horsepower. 
One English: - For Messrs. Furness, Withy & Co., Hartlepool. The 
ship, 3,150-ton cargo. boat, is being built by Sir Raylton.Dixon & 
Co.. of Middlesbrough, and the engines—-800 brake horsepower Car- 
els-Westgarth two-stroke engines, with four cranks—are by Messrs. 
Richardsons, Westgarth & Co.; of Middlesbrough. 
One American: For Canadian Lakes, for the Standard Oil Company, 
New York. 
It is known that Messrs. Nobel,:.of St. Petersburg, are gradually con- 
verting their whole fleet on the Volga.and Caspian Sea, consisting of fifty 
to sixty ships of different sizes, into Diesel-engined vessels. It is not d 
known how many of them have already been-thus converted. : 
(b) Tugs. (37).—Of these, most (about twenty-two) are Russian, for 
use on the Caspian Sea and the Russian tributaries; 
Two of: them have a towing capacity of 13,000. kg, (12.8 tons) with 
800 horsepower; three of them have a towing, capacity of 8,200 kg. 
(8 tons) with 600 horsepower. The power of the others averages 
about 400 horsepower: 
Three German: On the River Elbe (150 horsepower); on the River 
Weser ‘(200 horsepower) ; on the River Rhine (400 horsepower). 
The remainder are for various countries—namely, Chili, Italy, Sweden, 
Roumania. etc. 
(c) Motor Sailing Vessels (8).—Of.these, two French boats. are the most 
noteworthv :—- 
French: 1. The four-master Quevilly, with about 600 ‘tons. displace- 
ment, and 600 to 700.horsepower., 2. The five-master| La France, 
the largest sailing vessel.in the world, with about, 11,000. tons dis- 
placement. and .1,800. to. 2,000 horsepower. 
One German, one English, one Dutch, one Swedish, and one Italian 
motor sailing vessels. 
(d) Merchant Vessels (about 43) (Freight, Passenger, and Combined 
Freight and Passenger Vessels) —Of these :— 
Nine are Russian, including six passenger vessels on the Volga; about 
2,000.tons displacement. and .1,200. horsepower. 
Seven German, including :—One vessel, built by Blohm & Voss for the 
Hamburg-America Line, of 9,000 tons. displacement arid 3,000 horse- 
power; one vessel for the Hamburg South America Steamship Com- 
pany, of 6,000 tons displacement and.850 horsepower. © 
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Seven Scandinavian, including three vessels for the Danish East 
Asiatic Company, of 2,500 to 3,000, horsepower. 

Four Dutch, three English, two Swiss, two Congo Free State, and 
the others various, including:—One’ freight and) passenger’: vessel 
Romagna, on the Adriatic Sea, for the Ravenna-Trieste-Fiume ser- 
vice, of 1,000 tons displacement and 800 horsepower. | This. vessel, 
unfortunately, sank 'a few months ago, owing to faulty loading of its 
cargo. 

Most of these vessels, especially the larger ones, will not be put in 
service until 1912. Of the Russian passenger vessels, a good many are 
already in operation. 

(e) Fishing-Boats (14).—Of these :— 

Eleven are German herring boats, of 254 tons displacement and 90 
horsepower, for the North Sea. 

Two English whalers for the South Polar Sea, with 200 horsepower, 


etc. 
(f) Miscellaneous (about 16).—Of these :— 

Three ‘are Russian, including :—One private yacht of 200 horsepower, 
and two for the Russian Minister of the Interior. 

Three French:—Private yachts, including one of about 400 tons dis- 
placement and 400 to 500 horsepower. 

Two German :—The lightship Hamburg and the test ship Bremen. 

One Norwegian, Fram, exploring vessel for the South Pole, Captain 
Amundsen; 380 tons capacity and 180 horsepower. 

(zg) Submarine (about 110 to 115), including, as far. as can be ascer- 
tained, up to the end of 1910:— 
About 60 to 70 French, of 390 to 800 tons displacement and 600 to 
‘ 5,000 horsepower; about thirteen Russian, thirteen English, two 
i Dutch, two Danish, one Norwegian, one Swedish, one American, 
of 1,200 horsepower, two Italian, and two Austrian. 

It is probable that the number of vessels has been considerably in- 
creased in 1911, and that a large number will be added in the future. 
Various countries are not mentioned in the list; for instance, Ger- 
many, Japan, the South American States, etc. It is almost im- 
possible to publish a list which is absolutely accurate, owing to the 
secrecy about the number of vessels in construction and the kinds 
of engines used on them. 

(h) Warships (about 20 to 30) :— 

Here, again, it is impossible to give accurate figures, as the informa- 

: tion ‘published is very: scarce and contradictory. It is, however, 
known that several navies are experimenting with Diesel’ engines 
on a large scale. The following are especially noteworthy :—A 
great number of gunboats and a few mine-laying boats for the 
Russian. Navy. Also one French, one English torpedo-boat de- 
stroyer, and one Italian. 

(1) Small Boats (about 15 to 20):— 

In the list of ‘navy vessels, although they are not strictly men-of-war, 
must be included the small boats such as pinnaces and special boats, 
of which about fifteen to twenty are destined for the German, Swed- 
ish, English, Argentine and Russian Navies. 
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APPENDIX V. 


BrieF RESULTS FROM SOME VESSELS PROPELLED BY DIESEL ENGINES (SEE 
APPENDIX IV). 


(a) O-Tank VESSELs. 


Russian Oil-Tank Vessel “Vandal” :— 

Put in commission in 1904. 1,150 tons displacement, , 360-450. horse- 
power. The first oil-tank vessel built for the Volga and. Caspian 
Sea. Reversing (electric) from full-speed ahead to full speed, astern 
in 8 to 10 seconds. Cost for repairs, lubricating, and cleaning for 
the working year 1906, 7,440 marks (364/.). Sailing radius: un- 
loaded, 13,000 sea miles; loaded, 12,000 sea miles. Mileage in 1905, 
21,300 km. (11,472 sea miles) ; 1906, 22,400 km. (12,073 sea miles). 

Russian Oil-Tank Vessel “ Sarmat” :— 

Put in commission in May, 1905, 1,150 tons displacement, 360-430 
horsepower. Volga and Caspian Sea. Reversing (Delproposto). 
Sailing radius at full speed: 14,000 sea miles unloaded; 12,900 sea 
miles loaded. Mileage in 1906, 19,200 km. (10,348 sea miles). 

Russian Oil-Tank Vessel “ Djelo”:— 

5,300 to 5,700 tons displacement; 1,000 to 1,200 horsepower. Made 
several stormy voyages on the Caspian Sea in the year 1911. 

Dutch Oil-Tank Vessel: “ Vulcanus’?:— . 

Put in commission in the summer of 1911. 2,500 tons displacement, 
500 horsepower. Fuel consumption for 100 English sea miles; 1,000 
kg. to 1,100 kg. (2,204 pounds to 2,425 pounds). Daily crude-oil 
consumption, 214 tons for full load. Saving in cost of fuel as 
against steam engines, 50 per cent. Voyage Rotterdam to Stock- 
holm, in July, 1911: 735 sea miles'in 100 hours with cargo of 1,000 
tons of oil, and at a speed of 8.5 to 8.9 knots. Fuel consumption, 
8% tons. The Vulcanus has already made a very successful voy- 
age of 32 days’ duration, to the Black Sea and back, and numerous 
voyages: from Holland to Sweden and England. 

Tucs. 
Russian Tug “ Jakut’:— ! 

Towing capacity, 4,000 tons; 320 horsepower. The engines have al- 
ready worked satisfactorily for two years. The maneuvering power 
is better than with steam engines.. The Jakut and a steam ice 
breaker went to the ‘assistance of a ship and, towed her out of the 
ice. On this occasion the fuel. consumption of the Jakut was 4,380 
kg. (9,654 pounds,.or 4.3 tons), as compared with 32,500 kg. (71,630 
pounds, or 32 tons) by the. steamer. 

German Tug “ Fortschritt,” in Hamburg Harbor:— 

150, horsepower. Has also made very stormy voyages) on the open 
sea and carried fuel for eight days: Gain in length, one-third over 
a steamer. Gain in weight of machinery, about one-fourth over 
steam plant. Weight of fuel only 20 to 25 oer cent. of weight of 
coal for the same power in a steamer. 

“ Frerichs” :— 
Towing capacity, 2,200 tons; 200 horsepower. Maneuvering power 
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same as in a steam vessel. The vessel pays the same insurance 
premium as a steam vessel. Owing to the absence of boiler and 
coal bunkers, there is space for the accommodation of twenty pas- 
sengers. Owing to the absence of the boiler plant the stern of 
the vessel was made smaller, so that the vessel was more easily 
handled and the turning circle was diminished. Thirty maneuvers 
can be carried out in one hour without a change in the air pres- 
sure in the starting tanks. With the quantity of air stored in the 
starting tanks 60 maneuvers can be carried out in succession. A 
starting tank holds 250 litres (55 gallons), and when completely 
emptied the pumps can fill it in 15 minutes. 


(c) Moror Sarnince Boats. 
“ Quevilly” :— 

About 6,500 tons displacement, 600-700 horsepower on two pro- 
pellers. The propellers can be uncoupled when using sails only, 
and their resistance when running light causes a loss of speed of 14 
knot. The first ship to cross the Atlantic. 

First voyage: Rouen to New York and back, in March, 1911. En- 
gines working during 1,200 hours. 

Second voyage: Rouen to New York and back in July and, August, 
en Cost of fuel, 1 dollar per hour per engine. Very satisfactory 
results. 

Third voyage: Havre to New York, lasted 38 days, during 26 days 
(650 hours) of which the engines worked against a strong wind. 

The vessel can enter harbors without the help of tugs. The vessel 
takes up its fuel in New York for the double journey at a price of 
32 marks (31s. 4d.) per ton, or 6 pfennig (0.7d.) per e.h,p. hour. 

“ La France’ :— 

Largest sailing vessel in the world; 10,730 tons displacement, 1,800 
to 2,000 horsepower. Sail area, 6,500 sq. m. (69,966 sq. ft.). Will 
run between France and New Caledonia, and was launched‘ on 
November 16, 1911. 

“ Orion” :—= 

Sixty horsepower. Has made voyages since November, 1907, to and 
from Sweden, Finland, Russia, Germany; and Denmark. The en- 
gine is very often used in combination with the-sails, and is only 
in charge of a single carpenter. 


(d) MERCHANT VESSELS. 


(Freight, Passenger, and Combined Freight and Passenger Vessels.) 
“ Rapp” and “ Snapp” :— 

Two small merchant vessels cruising in Swedish waters. Cargo ca- 
pacity, 800 tons; 120 horsepower. ‘The engines run for long periods 
at 55 to 60 revolutions, although the normal number of revolutions 
is 300. Since 1908 the vessels have made numerous voyages between 
Sweden, Finland, Germany, Holland, England, Iceland and Nor- 
way. On a voyage from the east to the west coast of Sweden, 
through the canals, seventy-five locks had to be passed, through 
which the maneuvering power proved to be very satisfactory. 

“ Cornelis” :— 

200 horsepower. Has already made numerous voyages between’ Ant- 

vk and London and Aberdeen. Fuel capacity is sufficient for 32 
ays. 
“ Uto”:— 

Passenger vessel on Lake Ziirich. 200 tons ‘displacement, 250-260 

horsepower. Has made regular passenger trips on Lake Ziirich 
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since the summer of 1909. Converted steamer. Weight of the 
previous steam plant, including coal and water, 14,700 kg. (14.46 
tons) for 120 km. (64.6 sea miles radius. Weight of the new plant 
for the double power and 1,200 km. (646 sea miles) radius is 9,750 
kg. (9.6 tons). Cost of fuel, one-fourth of the previous cost. Sav- 
in labor, one man. Cost of fuel per kilometre, 10.5 cts. (1.6d. per 
mile). 

“ Toiler’ :— 

First Diesel sea-going vessel. Cargo capacity, about 3,000 tons; 360 
horsepower. The steering is controlled by compressed air. The 
cabins are warmed by hot water heated by the exhaust from the 
engines. First voyage from the Tyne to Calais with a cargo of 
coal was made in the summer of 1911 in very bad weather. Oil 
consumption, 1.65 to 1.75 tons in twenty-four hours. A steamer 
of the same size consumes 8 to 9 tons of coal per day. Saving in 
cost of fuel as compared with steamer, 50 per cent. Gain in cargo 
capacity, 60 tons. Voyage to North America in September, 1911: 
Fuel consumption, 2 tons per day. Saving ‘in cost of fuel as com- 
pared. with steam plant, 11 dollars (45s.) ; saving in labor, 5 dollars 
(20s. 10d.) per day. Maneuvering power proved to be very satis- 
factory. 

“ Romagna” :— 

One thousand tons displacement; 800 horsepower. Put in commis- 
sion September, 1910. Made regular voyages between Ravenna, 
Trieste and Fiume in the summer of 1911. In consequence of the 
faulty loading of the cargo the vessel sank in a terrible sirocco in 
November, 1911. 

Vessel of the Hamburg-America Line:— 

Nine thousand tons displacement; 3,000 horsepower. Gain in weight 
and space as compared with a steam plant of the same size, 40 to 
50 per cent. 


(e) Fisnine Boats. 


“ Ewersand” :— 

German herring boat, built by Frerichs, in Bremen; 254 tons dis- 
placement, 90 horsepower. Gain in cargo capacity, as compared 
with steam fishing boat, 25 per cent. Can take up 750 casks of 
herrings instead of 600. First voyage in September, 1910, lasted 
five weeks. Consumption of crude oil, 3 tons, as against 20 tons of 
coal for steamer. Homeward journey in 75 hours without a stop, 
in a high sea. On its arrival at the end of October, 1910, 3 tons 
of crude oil were still unconsumed. Very favorable results, and 
consequently an order for ten more similar fishing boats was placed. 


(f) MIscELLANEous Boats. 


“Fram” (South Polar ship) :— 
It is the old North Polar ship Fram fitted with Diesel engine. Gain 
through replacing the steam engine by Diesel engine: In engine 
space, 45 per cent.; weight of engine, 60 per cent.; weight of fuel, 

80 per cent.; space for fuel, 85 per cent. Several years’ supply of 
fuel can be stored. Of 380 tons cargo capacity, 100 tons were pre- 
viously required for the coal storage. The Fram sailed for six 
months from Christiania to the South Polar regions without touch- 

ing land and without reporting. During the voyage in the Antarc- 

tic the engine worked for 2,800 hours without giving any trouble. 
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(g) SUBMARINES. 


French Submarine “ Aigrette” :— 

172 tons to 220 tons displacement ; 217 horsepower. Long voyage, from 

Cherbourg to Dunkirk and back, in October, 1908. 
“ Emeraude” :— 

390 tons to 450 tons displacement; 600 horsepower. In October, 1908, 
she made an uninterrupted voyage of 80% hours on the high seas 
(1,283 km. or 692 sea miles). The average speed was 9 knots, and 
the engine worked excellently during the whole voyage. At the 
beginning of 1909 a long voyage of 800 sea miles was made on the 
high seas. 

“ Opale” :— 

390 tons to 450 tons displacement; 600 horsepower. In September, 
1907, made a voyage of 550 sea miles at a speed of 8 m. to 9 m. 
(26 ft.. to 29.5 ft.) per second in difficult navigating conditions. 
At the beginning of 1909 made a long voyage of 800 sea miles on the 
high seas. Sailed from Cherbourg to Lorient in 34 hours. 

“ Circe” and “ Calypso” :— 

350 tons to 490 tons displacement, 300 horsepower. Made a trial 
trip in the spring of 1910 from Toulon to Nice, Corsica, and back 
to Toulon, or 600 sea miles in 58 hours. The engines worked ex- 
cellently. 

The experience obtained with Diesel engines on submarines is so sat- 
isfactory that today all the navies in the world have, almost without 
exception, Diesel engines on their submarines. The good results 
obtained on this kind of vessel were the reason for the fitting of 
Diesel engines on all other kinds of vessels. 


(h) Warsuips. 


Russian Gunboats “ Adragan” and “ Kars’ :— 

700 tons displacement; 1,000 horsepower. ‘These two vessels made 
very satisfactory trial trips in the summer of 1911 on the Caspian 
Sea. Before making these trial trips they sailed from St. Peters- 
burg to the Caspian Sea over the Neva, Lake Ladoga, the canal sys- 
tem and the Volga, arriving on May 19, 1911. It is well known that 
the Caspian Sea is as stormy as the open sea, and owing to its ice, 
traveling is considerably more difficult and dangerous for naviga- 
tion in the winter. 





APPENDIX VI. 
Moror-Boat SHIPPING IN THE COLONIES. 


(Being a summary of the technical portions of a paper read by Dr. R. 
Diesel, engineer, at a meeting of the Technical Commission of the Com- 
mittee of Colonial Economy at Berlin on November 13, 1911.) 

The technical side of motor-boat shipping is divided into two parts— 
Boat and Motor. 

The African rivers require a special type of flat-bottomed boats, because 
of their peculiar nature; but there is no difficulty in constructing these 
boats, and the author has already given many examples of boats on the 
River Nile and River Congo; on the latter river one boat with 1,300 horse- 
power, tonnage 450 tons, and only 1.10 m. (3.6 feet) draught. Another 
boat for the Congo, constructed by the English Bolinder Company, with 
40 to 50 horsepower engine, length 14. m. (45.9 feet), width 3 m. to 4 m. 
(9.8 feet to 13.1 feet), and a speed of 8 knots, can carry a net load of 5 
tons. It draws only 0.85 m. to 0.88 m. (2.78 feet to 2.88 feet). By plac- 
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ing the propellers in a‘ tunnel, sufficient driving power is still obtained, 
when the propeller is partially immersed, for draughts of 0.5m. (1.64 feet) 
and less." Messrs. Cockerill at Seraing constructed a small boat with two 
protected propellers, for a draught of 35 cm. (1.15 ftet). It is provided 
with winches to float it when aground. A French boat constructor has 
built a boat with only 10 cm. (4 inches) draught. 

The problem of the boats is therefore solved, but not the problem of 
the engine. 

The great importance of navigation for the Colonies is indisputable; 
the river navigation is actually carried on by steam engines, but they were 
prevented from great development by the high price of coal. At Stanley- 
ville a ton of marine coal costs 400 francs, which is about twenty to thirty 
times mare than the cost in Europe. This high price makes the working 
of steam engines with coal prohibitive. A quantity of 30,000 tons of coal 
per year would be necessary at Leopoldville for the steam vessels at pres- 
ent on the River Congo, but the small-gage railway, Matadi-Leopoldville, 
can only transport a daily quantity ,of 50 to 60 tons. It is quite out of 
the question therefore that the coal stations in the interior can also be 
supplied with coal: It was proposed to work the vessels with gas engines 
instead of steam engines; this would mean that only about two-thirds of 
the coal would be required, but even this small quantity could not be 
transported by the railway. In addition to that, a special quality of coal 
would be required, the cost of which would be still considerably higher. 
The only way to overcome these difficulties was to use wood as fuel. 
When steam navigation was first started on the Congo it was not difficult 
to obtain the necessary quantities of wood, but with increased traffic too 
much wood would be required, and the forests would be destroyed. 

If one considers that the 500-ton steamer from Leopoldville to Stanley- 
ville requires 16 tons of wood for each 10-hour voyage, and that it has 
to take fresh fuel every 10 hours, it is evident that navigation cannot rely 
on this fuel for the future development and increase. Certainly the price 
for fuel when using wood was only about 15 centimes (1!4d.) per effective 
horsepower, as compared with 40 centimes (4d.) for gas coal, and 60 
centimes (6d.) for steam coal. This price is very low, but, notwith- 
standing this, wood cannot be the fuel for the future, owing to the fore- 
going reasons, and steam and gas engines would therefore have to be 
excluded from working in the colonies. 

The question then arises as to the suitability of internal-combustion en- 
gines. So far as the author can ascertain there are already some small 
motor boats with explosion motors used in the colonies, but this cannot 
be called motor navigation. The danger of the fuel and its high price 
makes navigation on a large scale impossible for the colonies; it will 
only be used occasionally on small boats and motor cars. 

The only engine to be considered, therefore, is the Diesel,’ and the 
author showed in his earlier paper that it is the predestined colonial en- 
gine, owing to its development during the last few years and its adoption 
as a marine engine. It was further shown that it could be worked on any 
mineral oil. These mineral oils are in all’ parts of the globe, so that 
their prices vary very slightly in the different ports, from 40s. to 60s. per 
ton; for instance, the price for American mineral oils for Diesel engines 
in London and Great Britain is 43s. per ton, being equal to the price in 
Belgium and in Scandinavia. Russian oil is delivered to all the Italian 
ports at a price of 60 francs (48s.) pet ton, and this amount is the same 
in all the other ports of the Mediterranean. In Egypt numerous Diesel 
engines are working on these oils. 

The Diesel engine consumes only about 200 grammes of this oil per 
effective horsepower hour at an average cost of 0.12d. The consumption 
of fuel in che Diesel engine is so low that the same number of horsepower 
can be obtained with a fifteenth part of the weight of the fuel as compared 
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with wood fuel. If, therefore, Congo steam vessels with 15 tons of wood 
on board can make a voyage of 10 hours, the same. vessel with 15 tons of 
liquid fuel can make a voyage of 150 hours, besides the saving in time 
which is effected by'not'having to call at ports for fresh supplies of fuel. 

A vessel fitted with a Diesel engine can take any quantity of liquid fuel 
on board, which can easily be stored in the bow and stern of the ship 
where it does not occupy room available for cargo, and it can make long 
voyages into the interior, taking considerably shorter time than a vessel 
fitted with steam engines and boilers for wood fuel. 

Another very important point is that the costs for working would not 
be higher in the interior of Africa than near the coast or in Europe, pre- 
suming that no duties would be charged for these fuels; it is to be expected 
that the latter will not be the case, so that this new colonial industry shall 
have an opportunity of expansion without any restrictions. 

To make it clearer the author again states the cost of fuel per effective 
horsepower hour for the different kinds of fuels mentioned above: 

Steam engine with coal fuel, about 60 centimes (6d.). 

Gas engine with coal fuel,.about 40 centimes (4d.). 

Steam engine with wood fuel, about 15 centimes (1%4d.). 

Diesel engine with mineral oil fuel, about 1 to 2 centimes (1/10d. to 
1/5d.). 

Another proposal made was to keep the steam engine, but to heat 
boilers with mineral oil. Some vessels of this kind were built, but the 
proposition to develop them for the use of the colonies was negatived by 
the fact that a steam engine of equal horsepower. with a Diesel engine 
consumes about four to five times more mineral oil than the latter. 

The great importance of these circumstances for developing the colonies 
was first recognized by King Albert of Belgium, who had made a journey 
to the Congo to study the question, and is now working out extensive 
projects for its colonization. The author had the honor of laying his pro- 
posals before the King at an audience, and the result was the order for a 
large Diesel-engine mail vessel for the Congo River, placed with Messrs. 
Cockerill at Seraing, which is the first real colonial motor ship. The main 
dimensions of this vessel are as follows:—Length, 60 m. (196.85 feet) ; 
width, 8 m. (26.25 feet); draught, 1.10 m. (3.6 feet), and tonnage, 430 
tons. The vessel will have three decks, one of which is intended for the 
natives, and the other two for the Europeans. The motor power is 1,300 
horsepower with two propellers, each exerting 650 horsepower; speed, 25 
km. (15.5 miles) per hour. The length of the journey to and from Leo- 
poldville to Stanleyville without taking in fresh fuel is 4,300 km. (2,672 
miles). This distance,-to and fro, has to-be covered in 140-hours, or about 
fourteen days, whilst the paddle steamers make it in thirty-two days at 
present. Stock of fuel-is 50 tons, and of this stock 15 to 20 tons have to 
remain at the end of the voyage, so that the vessel is able to supply from 
its stock smaller boats in the interior which run on tributaries. The cost 
= ~ vessel—1,000,000 francs (40,000/.)—will be paid by the King him- 
self. 

It was stipulated that the natives should be able to take charge of the 
engines, which necessitated a very simplified trial engine being built first; 
this engine recently made a successful test. The engines for the Congo 
mail vessel will now be built after this fype. 

The example shown by King Albert has had an immediate result by 
the formation of the Société Anonyme des Petroles du Congo with a 
capital of 6,000,000 francs (240,000/.). The company bound itself to the 
Belgian Colonial Corporation to lay down petroleum stores along the 
Congo and its tributaries in which petroleum for at least three months 
must be kept. The pipe line must havea diameter of at least 10 cm. (4 
inches) and the pump engines (eight stations) must be powerful enough 
to deliver at least 50,000 tons of petroleum to the end of the pipe line. 
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As a return, the company received from the Congo Government all the 
land up to 1,000 hectares (2,471 acres) for all the plants, on lease without 
payment. The concession holds good for fifty years, and after this time 
all the pipe lines with the material, except the vessels and the stores of 
petroleum, will pass into the possession of the Congo Government. 

The Government reserve the right to buy all the: pipe lines after fifteen 
years, by payment of capital invested in the plant, after depreciation and 
the reserve ‘funds have been deducted, but with a premium of 33:33 per 
cent. ‘calculated on the whole amount. The stock of petroleum has to! be 
taken over at cost ptice, and the petroleum tank vessels at a price fixed 
by experts. 

The selling price of the petroleum is the local price at Matadi Dock; 
plus 15-per cent. ‘The price at Matadi is fixed between the two parties. 
The selling price at the station higher up the river than Matadi is fixed 
in such a way that 15 centimes (1!14d.) are added for each kilometer-ton 
to the Matadi Dock price. These prices hold good for supplies of at least 
7 tons per year, and for smaller supplies an increase. of 10 per cent. can 
be obtained. If the net profit does not come! up to '7% per cent. within 
two years, after having made all deductions and depreciation, the price 
can be increased 1 centime per kilometre-ton, and it must be decreased the 
same amount if the net profit is more than 7%4 per cent. The petrol sup- 
ply for the Congo is thus secured, and the first condition—the supply of 
the necessary fuel—is fulfilled. ; 

The ¢alculatioris for’ the pipe line have been based on the fact that the 
consumption of wood fuel higher up the Congo is equivalent to 20,000 
to 22,000 tons of petroleum yearly; but it is certain that at the beginning 
this large quantity of petroleum will not be wanted, especially during the 
experimental period, and because motor navigation on the Congo itself 
can only be taken into consideration, as the navigation on the tributaries 
will still use wood fuel. 

The vessels at present in use, about 4,000 horsepower, will also work on 
wood fuel until the Diesel-engine vessels are supplied. The locomotives 
of the Matadi and Leopoldville Railway will also work on petroleum in 
the future, and experiments in this direction have already been made on 
three locomotives. It is also anticipated that the existing petroleum pip- 
ing will be the reason for the erection of a good number of stationary 
and agricultural Diesel engines, and thus there will be new customers for 
petroleum. 

Considering the conditions given above, the price for the mineral oil per 
ton would be— 





fr. 70. 
At Matadi Quay, about..............0.. cece 75 = 60 0 
Plus 15 per cent., about.................005- 11= 810 
; 86 = 68 10 

400 km. higher up in the country an addi- 
tion of 400 & 15-60 fr................. = 48 0 
Therefore price per ton............e0000% 146 = 116 10 


Numerous Diesel engines are working in many European countries 
where the prices for mineral oils are the same owing to the high duty 
which has to be paid. But navigation on the main streams would be in- 
dependent of this increase in price, as the vessels cou'd take any amount 
of fuel on board at the beginning of their voyage, sufficient for the jour- 
ney to and fro, 

As already stated, the large vessels on the main rivers can give to the 
ships in the interior their surplus fuel; thus cheap navigation’can be ¢at- 
ried on along the rivers furthest in the interior. From this it follows 
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that, where there are rivers in the colonies, motor navigation ought to 
be started first, and thus the very expensive construction of railway lines 
will be obviated. Important districts without rivers would get small 
railways to connect them, and the locomotives can also be driven by 
Diesel engines. 

The construction of the colonial Diesel engine ought to be as simple as 
possible, and only very few patterns of cylinders and other parts ought 
to be built, so that it would be possible to exchange and replace single 
patts easily; larger units ought to be constructed by adding two, three, 
four and more cylinders. The engine working with many cylinders is 
not a drawback, but a good feature, because the engine can continue 
working even if one cylinder stops; another feature connected with the 
simplicity of construction is that only very few spare parts are required, 
and that the same spare parts can be used for all the cylinders. These 
spare parts can be stocked all over the colony, and would prove to be 
very useful if all the Diesel engines in one district were of the same pat- 
tern. This, however, can only be considered when the Diesel engine has 
become well introduced. The importance of the possibility of using 
vegetable oils in the Diesel engine has already been discussed in the 
paper.—“ Engineering.” 


THE WIDER ADOPTION AND STANDARDIZATION OF WATER- 
TUBE BOILERS* 


By E. M. SpREAKMAN. 


Ten or fifteen years ago no broad technical questions absorbed the 
attention of marine engineers to the extent which that of the water-tube 
boiler did, and probably few have been more keenly discussed. The 
subject grew in interest, and criticism of their adoption continued to 
become more intense from the time of the decision to install Belleville 
boilers in H.M. cruisers Powerful and Terrible till the appointment by 
the Admiralty, in 1900, of a committee of independent engineers to in- 
vestigate and report on the status and future of naval boilers. Partly, 
perhaps, owing to the final verdict of this committee being rather of the 
nature of a recommendation to wait and see what the results of expe- 
rience with newer and modified designs should be, and partly to fresh 
interests arising in other sections of propelling machinery, public interest 
in the water-tube boiler has recently somewhat flagged. This is probably, 
to a large extent, attributable to the greatly increased reliability and 
freedom from the troubles and breakdowns which characterized the boilers 
of earlier years, and which thereby attracted much attention from the 
technical press. Except for cases of culpable misuse, nearly all the 
difficulties that originally arose with water-tube boilers were due— 

1. To bad design arising from inexperience; 

: To inferior workmanship, and the employment of unsuitable tubing; 
an 

3. From a desire to press the advantages of reduced weight and capa- 
bility to withstand forcing to an undue extent. 

Compared with modern designs, the water-tube boiler of twelve years 
ago was in a strikingly similar position to the motor car of the same 
period, or to the flying machine of today. But notwithstanding its defects, 
its efficiency in those days was distinctly good, and the improvements that 
have taken place in the last few years have been mostly in the direction 
of reliability and durability—that is, in better mechanical design, coupled 





* Paper read before the Institution of Engineers and Shipbuilders in Scotland 
on February 20. 
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with use of better material and improved proportions, which, although 
adding somewhat to the weight, have not appreciably increased the thermal 
efficiency in comparison to the extent to which the troubles have been 
removed. 

Concurrently with, and as a result of, improvement in mechanical design, 
there has been a constant tendency for the various types of the last decade 
to become standardized into more reasonable shapes and proportions, the 
Thornycroft, Normand, Reed and other designs being now largely merged 
into the prevailing Yarrow type, which alone has retained its original 
characteristics. Of the various large-tube boilers, the Babcock & Wilcox, 
Belleville and Niclausse still remain, but in improved form. Practically 
all the above, with the exception of the Babcock & Wilcox, are, at the 
present time, naval boilers only, and their general adoption, both in the 
large and small vessels of the various navies of today, is shown in Table I. 











TABLE I. 
Type of boiler adopted. 
Nation. : 7 
Large war vessels. | Small war vessels. | Torpedo craft. 
England ........ Yarrow. Yarrow. | Yarrow. 
Babcock & Wilcox.| —...... | White-Forster. 
France* ......... Belleville. Lagrafel-D’ Allest. Normand. 
Niclausse. Du Temple. | White-Forster. 
Germany........,\Schulz-Thornycroft.|Schulz-Thornycroft.|Schulz-Thornycroft. 
Teaky ys. cc28.. Babcock & Wilcox. Cylindrical. |  Thornycroft. 
Belleville. =| © sases pean ebLie FP 
Niclagase) 60)! fo sates | imo gage 
Japan ...........4. Belleville. Miyabara, etc. Yarrow 
Miyabaras®?” ys 22977 Aki. | LEE SORE cae 
United States*| Babcock & Wilcox.) Babcock & Wilcox.) Normand and other 
express types. 











* Very few small cruisers have been built by these Powers in the last ten years. t 
{Italy is adopting Yarrow boilers in the latest battleships, as are also Russia and Spain. 


Throughout the merchant service the cylindrical boiler is, of course, still 
generally adopted, and for all ships in which the weight of boilers is a 
relatively small fraction of the total displacement no other type seems 
likely to displace it. There are, however, distinct signs that, for certain 
special services, the wider adoption of water-tube boilers would be a wel- 
come innovation. 

Referring to Table I, it is significant that only one Power has‘so far 
adopted a standard type of boiler; the German Admiralty apparently 
rightly regards a boiler as a steam producer of a certain efficiency in 
relation to its weight, and as such it is independent of size or type of ship. 

Although in reintroducing the subject of water-tube boilers from the 
point of view of wider adoption and standardization, it may be felt that so 
much has already been said about boilers that there is little new to add, 
there are, however, various matters. pertaining to them that may afford 
ample basis for discussion. Although to some extent these may relate to 
the design per se, at the same time others tend to affect ships in their 
entirety, not only as regards the present day, but probably much more so 
in the near future. The reasons for and against the wider adoption of 
water-tube boilers in vessels to which, while appearing applicable at first 
sight, they have not yet been applied, are much the same as those quoted 
fifteen years ago. in making comparisons with cylindrical boilers; but it 
should be remembered that the conditions now met with are very different. 
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As a steam producer the water-tube boiler is now of proved reliability, 
durability and efficiency, instead of becoming a doubtful quantity; and its 
light. weight, and great capacity for steam production in relation thereto, 
strongly recommend it in many cases beside those of naval work. Com- 
pared with their dimensions fifteen years ago, the size of ships on many 
services is now approaching a commercial maximum—eyen if that be only 
temporary—either in length or draught of water; and, again, on, limited 
dimensions—i. e., weight—there is a constantly increased demand for 
speed. For the bulk of mercantile tonnage, much of which is in relatively 
slow vessels, the water-tube boiler, unless more efficient than the cylindrical 
type, and no more costly either originally or in maintenance, cannot be 
considered commercially; and even if it complied with these conditions, 
other practical circumstances arise, peculiar only to the nature of the 
service on which such vessels are employed, that would tend to limit, if 
not to exclude, its adoption. For all: vessels comprised in the cargo- 
carrying and low-speed types, the weight of machinery is very small in 
relation to the displacement. It is only when this ratio becomes high that 
the introduction of water-tube boilers should be carefully studied; and it 
it just in these cases that limitations affecting the ship as a whole—length 
or draught of water, for instance—are seriously beginning to be felt. 
Their scope for wider adoption, consequently, is still somewhat circum- 
scribed. 

In Table II is given a list showing the percentage of boiler weights to 
normal displacement for a number of typical vessels. The weight referred 
to, in order to exclude all variables except the generator portion only, 
consists of the boiler complete with water to normal working level, lagging 
and fire-bars, but no uptakes or mountings. It will be seen at a glance 
that it is only in the cases in which the percentage forms a large propor- 
tion of the displacement that the saving in weight due to installing water- 
tube boilers would be justified. A few examples of naval vessels, all of 
which are fitted with Yarrow boilers, are added for comparison. From 
the same table will be seen the types of vessels in which the percentage 
weight is exceptional, the maximum condition being, of course, obtained in 
vessels of the destroyer type, when the horsepower per ton of displacement 
may be as much as 27. In small cruisers it may be as much as 8, but the 
figure rarely exceeds 4, even for merchant vessels of high speed and small 
size. In the fastest Atlantic liners this falls to about 2; in slow carrying 
vessels it may be only one-tenth of this. With the exception of river 
steamers, in which shallow draught is essential, these figures indicate that 
only in very high-speed Atlantic liners and fast Channel steamers would 
the light weight of water-tube boilers tend to counterbalance certain prac- 
tical objections to them. In the former case the enormous growth of 
length and breadth has only been accompanied by a relatively small increase 
in draught of water, and at the present day there are a large number of 
vessels on the Europe to New York service which are unable ‘to take 
full advantage of the draught to which they might safely be loaded, on 
account of the depth of water at their ports of departure. For the time 
being the practical limit is about 34 feet. By the substitution of Yarrow 
boilers for Scotch, a fast ship, 800 feet by 90 feet, might carry nearly 
1,500 tons more cargo, or have her draught reduced by 12 inches. In 
Channel steamers the same considerations apply; length is limited on’ the 
French routes, draught on the Ostend route, and high speeds are essential 
on all. In fact, on the limited maximum dimensions permissible in each 
case the attainment of a higher power on less weight, and in less space, is 
the only means of obtaining a much faster ship. 

Now, although the water-tube boiler might appear to offer the solution, 
there are various practical difficulties still confronting its adoption. The 
greater initial cost might alone be considered’ sufficient objection if it 
were not for the advantages its light weight confers. But its liability to 
prime in the event of condensers leaking, the tendency of the tubes to 
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TABLE II. 
cf a re 
$181 9 |e} § 
s | 5 & | 3x 
g | 3 3 3 S 5 
Type of ship. E 8 Ss = ~ | Ble 
p [a | ')2 |b] Se 
|e /e] & |e] ge 
a a) Z a 9 A 
Channel steamer : 
Turbine ........000se00 23 2,700 8 S.-E. | 185 | 19.45 
Reciprocating .s....s 22 _ 2,200 4 D.-E. 175.) .17-7 
Turbine® .....0......c005 20 2,000 2 D.-E. | 1604 15.4 
Paddle. ....06c%.. .ccccoess 20 1,500 6 $.-E.. | 120 | 18.0 
Reciprocating 16 1,600; 2 D.-E.._| 180 | 10.9 
River steamer : 

Turbine. ........ Nerteeets 21 750 I D.-E, | 150 | 18.65 
Reciprocating ......... 12 1,000}* 2 |. D.-E, |. 160 |. 9.0 
Merchant steamer....... Io 9,000}. 2 —e 2.15 

Do. 12 9,000 4 EH. | I 3.31) 
Do, t{ 12 9,000; 4 | SB 215 3.6257 
Do. 13 12,000 S.-Ex | 1 3.45 
Re, 14 10,500 6 pas te ns 
. 15 10,700 -E. } a1 
Combined cargo.and f| 17. (at sea)| 20,000} 6 aE aig. | {2-3 
passenger. 18 (trial) | 17,000 6 ork. 8.5 
: 4 -E. 
Do. 17.5 (trial). | 15,200 { ~ ee, 215! 5.8 
Passenger steamer : r 
“a * GEE ES CE 20 10,500 6 ae 175\| If.o 
anti¢ liner: tf 23 ).-E. 
Turbine ........0.0000 25-5 36,000 | { 2 Sot StF | SAO 
23 60,000, 18 D.-E. | 215 | 5.4 
Battleship...........se0sse0 22 22,000 | 18, | Yarrow, | 220 | 2.1 
Cruiser...,..c....006+ vinbects 24 3;900| I0 | Yarrow, | 220/| . 6.5 
Destroyer srevecc.seeceeee 36 2,000 Io Yarrow. |, 220 | 18.0 
Do. 33 goo 5 | Yarrow, | 220 | 21.0 
Do. 30 450; 4 Yarrow. | 220 | 16.0 





* In a similar vessel to this, now under construction, but fitted with five Babcock boilers, the pro- 
portion of weight of boilers has been reduced to 8.5 per cent. ’ 


t Note influence on percentage weight due to higher pressure used for quadruple in place of triple- 
expansion machinery. 


become choked externally more rapidly than those of the. cylindrical. type, 
and_ the. difficulty of the:jnecessarily frequent tube cleaning,. together, with 
the distinctly and: rather unnecessarily drastic survey. requirements de- 
manded, are also features, as far.as. continuous merchant-service work. is 
concerned, that do not. commend it to shipowners, and their. marine su- 
perintendents, Further, there is the possible slightly lower efficiency, 
compared. with the large cylindrical boiler. 

Against all this there is the fact that, for the same hourly steam pro- 
duction, which, other things being equal,,is.the true criterion of merit, 
the .three-drum type of water-tube. boiler. weighs less than half. what the 
cylindrical, boiler. does..; When, this proportion of; saved weight. forms 5 
to 10 per cent. of the complete displacement of the ship, it becomes an 
important question as to whether the alleged disadvantages are not more 
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than counterbalanced in view of ‘the: saving in the ship as a whole. It is 
not suggested that an average naval boiler should be installed without 
change into merchant vessels, but there are features connected with the 
design thereof that strengthen the idea that water-tube boilers, as used in 
warships, may be installed ‘in fast mercantile ships if, as seems easily pos- 
sible, they can be so modified in minor ways as to render them thor- 
oughly serviceable for the practical and economical requirements. involved, 


~whilst simultaneously considerably reducing the above-mentioned objec- 


tions. These points may be considered in detail. 





Fig. 1: 


Type of Boiler—The Boiler Committee appointed by the Admiralty in 
1900 investigated no less than thirty-six different types of water-tube 
boilers, only three of which now find a place in modern British practice. 
These types are: 

I. Yarrow, applied to large and small vessels. 

II. Babcock & Wilcox, applied to large vessels only. 

III. White-Forster, applied to small vessels only. 

With the possible exception of the German Navy, where the Schulz 
boiler, as illustrated* in Fig. 1, is now universally adopted in battleships 
and destroyers, the British Navy has attained a degree of standardization 
in boiler practice not found elsewhere. The United States Navy Depart- 
ment, while adhering to Babcock & Wilcox boilers for big ships, adopts 
several types for destroyers, as does also the French Admiralty, which 
retains both Belleville and Niclausse boilers for battleships. This diver- 
gence in practice is not easy to understand. The inconsistency displayed 
in the case of the four principal navies enforces the idea that the separate 
authorities are willing to accept pros and cons entirely at variance with 
those of the others, the reliance on individual views, and corresponding 
policies being based presumably on the developed service opinion of many 
years’ growth. For wider adoption this hardly facilitates the choice of 
prospective users, and it is, in the atithor’s view, somewhat surprising 


*The German Admiralty oil-fuel boiler is of the ordinary three-drum type. 
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that, after so many years of use, a closer consensus of opinion has not 
been more generally achieved. 

Obvious disadvantages would seem to be involved in those types wherein 
excessively curved tubes, or forms of tube-baffling;.are adopted, on ac- 
count of difficulties of manufacture, of cleaning internally and externally, 
and also of rapid repair. There is the further great objection that any 
considerable curving towards the fire bars (Figs. 1 and 3) tends to reduce 
the combustion space. On this basis straight, or nearly straight, tubes 
would seem to be necessary, and in spite of apparent success in other 
types, practical experience of both strongly emphasizes the objection to 
sharp bends. 












































Fig. 2 shows two half-séctions of typical Yarrow boilers, one of the 1%4- 
inch tube type, as used on large vessels with coal fuel, the other with 1%- 
inch tubes, designed for oil burning. The simplicity of this design for 
manufacture and cleaning compared with Figs. 1, 3 and 4 is undeniable. 
In Fig. 3 is shown the Normand boiler, as used in the United States 
cruiser Chester. Fig. 4 shows a variation of the Du Temple type, as fitted 
to her sister ships Salem and Birmingham. ‘The extreme curvature of the 
tubes and the tube baffling adopted not only lessen the combustion space 
for given over-all dimensions, but also prevent the best use being made of 
the heating surface installed. 

Capacity for Steam Production—Generally speaking, a large boiler is 
proportionally more economical than a small one, and a double-ended 
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boiler more so than a single-ended one. Experience has shown that for 
Atlantic and long-distance work an equivalent evaporation ot eleven timés 
from and at 212 degrees F. can be attained when burning from 23 pounds 
to 26 pounds of coal per square foot of grate per hour. A figure as high 
as 12 has been reached when burning 20 pounds, In Channel ‘steamers, 
where economy is of less importance, in order to reduce their size, boilers 
are forced so as to burn from 32 pounds to 38 pounds per square foot, 
when the evaporative value falls to about 10. These figures represent an 
evaporation of 270 pounds, 240 pounds, and 350 pounds per square foot 





‘Lhe. Goal per Square Foot of Grate per Hour. 
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of grate respectively. Unfortunately, elaborate evaporation trials of large 
cylindrical boilers-are-seldom carried“ out at varying-rates of combustion, 
so that in Fig. 5 a favorable average mean line has been drawn through 
a series of spots to show the tendency of cylindrical~boiler evaporation. 


' The conditions under which they are-designed to work are such that 


much additional combustion reduces their ¢fficiency, owing to the high 
proportion that even a little more bears to the designed amount. 

In Fig. 5 are also given a series of evaporation curves of typical water- 
tube boilers, together with their rate of steam production per square foot 
of grate. Although, as might be expected, the evaporation falls off at the 
higher rates of. combustion, especia ally in cases of contracted combustion 
chambers, the average intermediate values, at, say, from 30 pounds to 40 
pounds per square foot, range about 11, and that for a properly propor- 
tioned boiler at 60 pounds per square foot should not fall below ten times. 
In Fig. 6 are given the curves of ‘steam production corresponding to the 
boilers in Figs..3 and 4. In-Figs, 7-and 8-are given the evaporation. curves 
of a half section of a Babcock & Wilcox boiler for the United States bat- 
tleship Utah; the former refers to a series of coal-fired tests, after which 
the fire bars vere removed, the ash pans bricked over, and the boiler front 
modified to allow the oil- fuel apparatus to be installed, with the result 
shown in Fig. 8. These trials are especially interesting in view of the 
efficiencies obtained’ at high rates of combustion. With coal an equiva- 
lent evaporation exceeding.11 times. was obtained when burning 50.pounds 
per-square foot, 10.5 times at 60 pounds, and 9.45 times at 70 pounds, the 
latter beirig double the average full-power amount of United States naval 
practice. With oil -fuelthe same boiler exceeded an. evaporative value of 
15 times when burning up to 10.5 pounds of oil per cubic foot of com- 
bustion space; when burning 15 pounds the evaporation was 13 times, 
which is equal to 16.45 pounds of steam per square foot of heating surface 
per hour. The relative efficiencies, Fig. 7, when burning coal at 70 
pounds per square foot, and the equivalent amount in oil, are 60 and 72.6 
per cent. respectively. Fig. 9 gives the evaporation curves of a Mosher 
type of boiler built to replace the cylindrical boilers of the United States 
battleship Kearsarge. No little difficulty and cost are involved in con- 
ducting large series of evaporative trials, and local conditions frequently 
affect the readings to a considerable extent. By massing a varying series 
of curves together, and by ‘deducing evaporative values, for comparative 
estimating, from a general mean value rather than from isolated instances, 
is probablv the best means of obtaining a fair average value. Froni..the 
cutves in Figs. 5 to 9 it might reasonably be felt that for trial purposes 
an evaporation of eleven times when burning between 30 pounds and 40 
pounds of-coal per square foot-of grate per hour rising to 11.5 times at 
20 pounds could be obtained from a well-designed water-tube boiler. For 
seaenn service at this rate a value of 10 pounds should certainly. be ob- 
tained. 

The Weight of Boilers——In Table III will be found the cimensions of 
afew typical boilers and their corresponding weights and steam produc- 
tion. Even if the inevitable discrepancies that must occur in practice, due 
to various well-known conditions, be found therein, the general deductions 
from this list will be found accurate. Approximately the pounds of ‘steam 
produced-per ton of boiler per hour from-and at 212 degrees F. by ‘the 
various «types are as follows: 

Double-ended—360-pounds per hour—for relatively highly-forced cylin- 
drical, boilers, such as in Channel steamers. 

Single-ended—320 pounds per hour—for. relatively highly- forced cylin- 
drical boilers, such as in Channel steamers. 

Double-ended—370 pounds per hour—for long-voyage large-size vessels 
with lower rates of combustion. 








Cubic Foot of Combustion Space per 





cvs) Lbs. of Coal per Square Foot of Grate per Hour: 
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Single-ended—230 pounds per hour—for long-voyage large-size vessels 
with lower rates of combustion. 

For coal-fired torpedo-boat destroyer boilers—1,800 pounds per hour— 
At full power. 

In oil-fired torpedo-boat destroyer boilers—2,400 pounds per hour—At 
full power. 

No one would suggest the torpedo-boat destroyer type of boiler for a 
merchant vessel. Suppose the steam production in relation to weight be 
halved, in order to make proper allowance for the modifications to design, 
and permissible combustion as discussed below, the water-tube boilers of 
the three-drum type would still weigh less than half that of the cylindrical. 
As given in Table II, this applies to the generator portion complete, and 
does not include uptakes and funnels, or, if fitted, a Howden heating sys- 
tem, which can, of course, also be applied. Roughly speaking, a large 
double-ended boiler weighs 0.9 ton per square foot of grate surface, a 
single-ended boiler 1.02 tons per square foot, and a coal-fired water-tube 
boiler 0.35 ton per square foot. ‘That is, if increased in proportions and 
scantlings by 50 per cent. to suit merchant practice, the latter would only 
— one-half of the cylindrical unit for equal grate area and steam pro- 

uction. 

The approximate weight of an entire boiler-room installation, with pip- . 
ing, pumps, and all accessories, might be put down as: 


Pounds of steam 


Tons per per hour per 
sq. ft. of ton of boiler 
grate room from 
surface. and at 212 deg. F. 
For cylindrical boilers...........5 1.4 to 1.7 150 to 200 
For Babcock boilers......... eeeee 0.65 450 
For Yarrow‘boilers............... 0.9 490 


It is difficult to give in the space available fuller information than that 
tending to prove the point at issue; but in the case of two vessels each 
of 2,000 tons—virtually sister ships and fitted with the same turbines and 
shafting—the cylindrical boilers of the one weigh 320 tons, against 180 
tons of the water-tube boilers in the other, the remaining stokehold 
weights being practically identical. In this case, 140 tons represent 7 per 
cent. of the displacement, and about 70 per cent. of this has gone in addi- 
tional dead-weight capacity. 

Size of Unit.—In no direction has the advance of water-tube boilers 
made such strides as in the individual size of unit. The first Yarrow 
boiler, fitted in H.M.S. Hornet, had a heating surface of 1,027 square feet, 
and a grate surface of 20.5 square feet; while the corresponding Thorny- 
croft boiler had a. grate surface of 47.3 square feet, though this was 
divided into two furnaces, as in the modern. Schulz type. The early 
Belleville boilers varied between 53 square feet and 58 square feet of grate 
surface, and burned on an average about 26 pounds of coal per square 
foot per hour. The large-tube Yarrow boilers, which first made their 
appearance in the Swiftsure class,* were of.53 square feet each, a figure 
from which the large-tube type varied but little until it recently followed 
the general tendency to increase. The earlier ‘Babcock & Wilcox boilers 
in this Country were of 64 square feet, and this has gradually been in- 
creased to about 90 square feet per unit, burning about 22 pounds to 24 
pounds per square foot of grate.. In the United States Navy, where, com- 
pared to English practice, larger and fewer units are. generally fitted, some 
of the earlier Babcock & Wilcox boilers were of 96 square feet, rising 


*H.M.S. Medea (see Boiler Committee’s Report) excepted. 
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to 103 square feet in the Delaware class,:and to 119 square feet in the 
Utah class, and burning from 30 pounds to 36 pounds of coal per’ square 
foot of grate per hour. In the small-tube three-drum type of twelve years 
ago from 55 to 60 square feet was common. More recent boilers for small 
craft have risen first to 70 square feet and later to 85 square feet. In the 
recent United States torpedo-boat destroyers 90 square feet is common; 
in the German torpedo-boat destroyers 100 square feet; andj in one case, 
125 square feet.in a two-furnace unit has been adopted. This boiler’ is 
about 22 feet wide over the lower drums. The largest individual coal 
grate of the author’s experience in this country is in a: White-Forster 
boiler recently built at Birkenhead for a foreign torpedo-boat' destroyer, 
and which has 111 square feet. Messrs. Yarrow’s double-ended boilers: for 
the Brazilian torpedo-boat destroyers of the Matto Grosso class exceeded 
this, but in their:case the furnace was completely divided transversely into 
two separate parts by a brick wall, and the individual grates of this double- 
ended boiler did not exceed 70 square feet. These exceptional areas, ex- 
cept for the double-ended type, are quite outside mercantile use; but are 
quoted as examples of limiting size in coal units. A reasonable average 
of from-70 square*feet to 80 square feet of grate in a three-drum type is a 
feasible project in small mercantile vessels, but for economy the coal burnt 
per square foot of grate per hour should be between the economical limits 
of the large and small-tube types, say from 30 ' pounds to 40 pounds per 
square foot, although these boilers at full power burn easily 25. per cent. 
more for long periods. Strictly speaking, the size of coal-fired units rests 
entirely on the maintenance of clean, level fires on a large grate; 120 
square feet is exceptionally ‘large, and is only possible with most sys- 
tematic stoking and picked fuel. Even so, no difficulty has been experi- 
enced in’ keeping good fires either on 110 square feet on one grate or 
125 square feet on a Schulz grate when burning about 65. pounds per square 
foot of grate per hour. Such a consumption is only possible for a short 
period, say, from 6 to 8 hours, without considerable cleaning, and for 
runs of 100 hours (an Atlantic passage) a much lower consumption per 
square foot would, of course, require to be adopted. Obviously, for short- 
run routes larger grates might be adopted than on the ocean services. 
When oil fuel is used instead of coal the question of firing is of vastly 
less importance and greatly lessens the limitation of size of unit. In fact, 
this might almost then be determined by the loss of power due to an acci- 
dent to one unit forming too great a proportion of the evaporating plant. 
Oil-fired boilers of from 6,000 square feet to 7,000 square feet of heating 
surface are now common. The largest individual boiler of which the 
author has experience is the unit in the Argentine torpedo-boat destroyers 
of the San Luis class, built by Messrs. Cammell Laird & Co. at Birken- 
head, which has a heating surface of 8,500 square feet. It is of the single- 
ended White-Forster type, and has a combustion space, of 915 cubic feet. 
With 5 inches air pressure it has generated from feed water at 212 de- 
grees F., about 120,000 pounds of steam per hour at 230 pounds pressure, 
without the slightest difficulty of operation or adverse effect on the boiler. 
The two tube rows nearest’ the fire are 1% inches in diameter, the twenty 
others are 1 inch in diameter; the upper drum is 4 feet 8 inches in diam- 
eter. Transversely over all the boiler measures 19 feet. Probably: this is 
the largest boiler yet made, but experience of it indicates that oil-burning 
units having from 10,000 square feet to 12,000 square feet of heating sur- 
face are perfectly possible, and, with adequate combustion space, would 
be even more economical. Boilers of such a size, however, should have 
oil burners at each end, as in the latest German practice. The San Luis 
boiler referred to has an evaporative value exceeding 14 when burning 1 
pound of oil per square foot of heating surface. At 12 pounds per shait 
horsepower this is equal to 10,000 horsepower from one unit. Eight such 
boilers would produce nearly the same amount of steam as the Lusitania 
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required, on. trial! The author would ‘have no hesitation in building for 
naval work. a 12,000-square foot double-ended oil-fuel unit, but other con- 
siderations, than individual full power, limit the advisability of such im- 
mense boilers. 

One of the greatest advantages of oil fuel lies in the concentration of 
power in fewer and much larger water-tube units than aré. now installed, 
with a corresponding immense saving in weight.and, space adopted. As- 
sume a three-drum unit having 12,000 square feet of heating surface to 
be built for a large passenger vessel. With 1,400 cubic feet combustion 
space, and burning only 8 pounds of oil per cubic foot, an evaporation of 
fifteen times should be obtained, giving 168,000 pounds.pershour per unit, 
or 14 pounds per square foot of heating ‘surface. Such, aboiler, including 
water, would weighy-fer-merchant service..requirements, about 80 tons. 
The fuel burnt per hour would amount to.5 tons. 

Possible Modification in Design and Standardization—The wide diver- 
gences in the conditions-accepted by Admiralties and registration societies 
are not easily mergeable into one conglomerate whole, because the policy 
of the former must essentially be to accept those very risks that the latter 
must strive to avoid, and the differences reasonably have been, and are 
at present, too great for the respective margins to overlap. This is a 
position which, perhaps, a simultaneous small change in the engineering 
policy of both sides would go» far to eradicate. Reference to Table II 
shows the percentage weight of naval boilers to be so low in some cases 
that an appreciable addition would hardly affect the ship as a whole. 
Torpedo-boat destroyersare not included inthis remark, owing to their 
exceptional nature, but such an addition might render it possible to strike 
a mean between commercial efficiency, reliability,.and durability on the 
one hand, and adequate steam production in-relation to the low weight 
and capability for forcing that at times is so essential to naval engineering 
on the other. With the ever rapidly increasing size and speed of ships 
greater power on less weight is essential. The oil engine, whatever its 
future, cannot at present offer any solution for large powers. Since the 
turbine has rendered main engine overhaul in port a matter of rapidity, 
and relatively of smatimportance, the principal.factor influencing the time 
required to turn round on the high-speed services is now. that of boiler 
attention and the stowing of fuel. Two great questions arise in this con- 
nection. Is oil or-coal tobe the fuel for high-speed vessels? and, if the 
former, what is to be the type of boiler? Obviously these queries are re- 
stricted to special classes of vessels—those in which the machinery ele- 
ment is a larger proportion of the ship. It must also be remembered that 
cylindrical-boiler troubles are by no means as scarce as is often supposed. 
Comparatively little progress, perhaps, has been made in this design for 
some years past, whereas the water-tube boiler has distinct potentialities 
before it. At thelower limit of pressure the advances made in condenser 
design in the last decade offer little scope for improvement in economy; 
higher initial pressures are then the only resource, and while the cylindrical 
boiler may not have reached its zenith, its weight in relation to its steam 
production cannot be reduced. 

Of water-tube boilers applied to merchant work, of course, the Babcock 
& Wilcox boiler is, so far, the most widely used, especially abroad; in- 
cidentally, in foreign countries economy of fuel is, perhaps, even more 
seriously considered than in this. This boiler in its own type has reached 
a very high degree of standardization and efficiency, and the variations in 
design and scantlings between the naval and mercantile type are insignifi- 
cant. As regards thé rather lighter three-drum type, there are few in- 
stances of its application, in spite of its obvious suitability. Several feat- 
ures in its design recommend it, provided that the curvature of the tubes 
is either small, as in the White- Forster type, or nil, as in the Yarrow type. 

‘the first modification to render the latter acceptable to registration so- 
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cieties will probably be in the thickness of ‘tubes and their diameter. The 
German Navy adopts a standard tube of 36’ mm. outside diameter and 3 
mm. thick—that is, 134 inches (full), and between 10 to 11 L.S.G. This is 
distinctly lighter than the United States 13@ inches tubes. The adoption 
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of large tubes of 134 inches diameter for large vessels, and small tubes of 
1% inches diameter for small ships, does not seem logical ‘at first sight, 
nor, unless it has been purely evolutional, does the use of tubes varying 
1/16 inch in diameter. There is no doubt that a tube of 134 inches in 
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diameter of 9 L.S.G. should last longer than one of 1% inches in diameter 
of 11 L.S.G., but not’ necessarily longer if that tube be increased to: 10 
L.S.G.—that is, from 6.116 to 0.128 inch thick. A point of ‘no little dif- 
ficulty to arrive at will be the diameter of tube. ‘To abandon the smaller 
sizes reduces the weight advantage and capacity for higher consumptions 
per unit of grate surface. The larger tubes admit of easier cleaning. It 
is in the excellence: of the quality of the tubes, their treatment, and the 
workmanship lavished on their installation and preservation that the re- 
quired durability of the boiler will largely depend. In view of recent naval 
experience, there should be no need to doubt that a design based on mer- 
cantile service requirements would prove. suitable, provided that ample 
care was taken in regard to the quality of tubes accepted. 

Merchant service fire bars, doors and casings will be required,-as well 
as heavier brickwork, than is found in naval boilers: The drums and ends 
of the usual boilers will probably require thickening, and they might also 
be somewhat increased in size with advantage. Funnels and uptakes will 
remain as before. Nevertheless, in spite of this, the weight saved—of 
which the gain is largely in water carried—will still be very considerable. 
As a set-off against the additional weight, the downtake tubes outside the 
boiler might well be dispensed with, though builders are not in agreement 
on this point. It will be seen from Fig. 10 what difference in over-all 
length to the same boiler is made by the adoption of these tubes. It is 
very doubtful if any economical advantage is gained from them. | For 
boilers with sharply-curved tubes, in which the flow of water must neces- 
sarily be less rapid than in straight tubes, they. are probably necessary, but 
the former type is not here considered. Table IV,. compiled at random 
































TABLE IV. 
Ratio of 
Pounds downtake 
_ |Heating| Steam pro-| steam per area. Type of ship and 
5 | surface.) duction. | square foot, |————————— fuel. 
H.S. Generating 
a tube area. 
Sq. ft. | Lbs. per hr. 

A 3,660 28,700 7.55 4.18 Cruiser, coal. 
B 4,200 31,500 7.5 4.21 Cruiser, coal. 
< 3,750 25,000 6.66 3.15 Battleship, coal. 
Db 5,100 46,000 9.0 4.5 Destroyer, coal. 
E. 6,400 80,000 12:5 3.03 Destroyer, oil. 
F 8,500 130,000 15.2 | 4.9 | Destroyer, oil. 


! 





from various types, shows how little consistent relationship there is be- 
tween the areas of these external pipes and of the generating tubes. That 
one boiler capable of producing three times the amount of steam as an- 
other should have the same size and number of downtake tubes as the 
lower-powered one, seems to indicate that external pipes are quite un- 
necessary in Yarrow-type boilers. 

A further advantageous modification, which is perhaps an adaptation 
from condenser design, would seem to lie in a greater variation of longi- 
tudinal tube pitching between the fire rows and the outside tube rows. 
General practice is for the two fire rows to’ be of slightly greater diameter, 
and consequently further apart than the remainder. ''For instance, ina 
20-row nest, the two fire rows may be 1% inches in diameter; with a lon- 
gitudinal’ pitch: of 1 15/16 inches, the remaining 18 being all 11-inch’ tubes 
pitched 1 11/16 inches. In the larger units that seem probable in future, 
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greater economy might possibly be maintained by making, in a 24-row 
boiler, a variation, both of tube diameter and pitch, such as 6,.8 and 10 
(or 5, 7 and 12) rows, the latter being the outer ones, though obviously 
this would involve: greater trouble in manufacture and in cleaning after 
use. The temperature drop, however, across a nest of water-filled tubes 
is so great, and the consequent volume of gas so greatly reduced, that in- 
vestigation in this line would seem to be worth undertaking. 

Just as existing furnaces are standardized, in view of the present amount 
of repetition work in boiler manufacture, so the corresponding portions 
of water-tube boilers can be. Upper drums, except for special cases, vary 
little in diameter, and need vary less. Bottom reservoirs consequently, 
as well as the chamber ends, could also, as far as radius and thickness, be 
brought to a greater state of similarity. In England: and the United 
States top and bottom drums are made of riveted plates; in France and 
Germany, especially the latter, they are often made solid-drawn or welded 
in the circular form necessary for the bent tubes employed. 


AppEeNpIx No. 1. 


Of the cases of vessels whose boiler weight is relatively great in pro- 
portion to the displacement it is interesting to take two cases in order to 
analyze the problems involved. 

Large, Fast Liners—‘ Lusitania” Type.—The existing arrangement com- 
prises 23 double-ended and 2 single-endéd cylindrical boilers of 17 feet 
6 inches diameter, with a heating surface of 158,350 square feet and a 
grate surface of 4,048 square feet. The steam production, when burning 
about 24 pounds per square foot of grate per hour, is about 1,000,000 
pounds per hour, or, say, 250 pounds per square foot per hour. The coal 
used for this is about 44 tons per hour, costing on an average, perhaps, 
35/. per hour for fuel. .Of,the steam production, 15 per cent. is used by 
the auxiliary machinery... The actual ratio of evaporation, with feed at 
196 degrees F., is 10.2; that is, 10.9 from and at 212 degrees F. 

By adopting a combustion rate of 36 pounds per square foot of grate 
per hour for Yarrow boilers, and allowing for a corresponding ratio of 
evaporation equal to 9.5, 342 pounds of steam per square foot of grate 
per hour should be obtained, and for the same steam production 2,920 
square feet of grate and 161,000 square feet of heating surface would be 
required if the ratio of heating surface to grate surface = 55.1. This 
would entail a coal consumption of 46.9 tons per hour at a cost of 37.51. 
Apart from.coal burnt in harbor, if the vessel is credited with 30 single 
trips a year, of 120 hours each, the additional cost for fuel would be— 


2.51. x 30 &K 120 = 9000/. per annum 
=300/. per trip, and the extra weight to be carried 
would be 
2.9 X 30 X 120= 10,450 tons per annum 
= 348 tons per trip, 


At first sight these figures. due entirely to the assumed lower evaporation 
value of the three-drum type of boiler, appear rather formidable. 

To instal 2,920 square feet of grate would require 40 boilers of 73 square 
feet each, though 46 of 63.5 square feet would correspond better with the 
existing arrangement. As a steady: steaming unit burning 36 pounds per 
square foot of grate per hour, an area of 73 square feet is probably just 
about as large as could be conveniently handled under «the circumstances. 
In this connection reference might be: made to the double-ended: boiler 
of. this type which has been adopted in a few torpedo-boat destroyers, but 
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in no larger vessels, and is not considered here, although it is hard to see 
why, if a single-ended boiler will do, a double-ended one should not equally 
be adopted, with the consequent avoidance of one of the principal objec- 
tions to the single-ended type—that: is, multiplicity of units. When the 
additional steam and feed piping, uptake connections, etc., are consid- 
ered, together with the greater supervision necessary, it must be admitted 
that: the increased number of units introduces a distinct objection to, the 
adoption of water-tube boilers, unless large units are accepted. 

Again, the Lusitania’s double-ended boilers are 22 feet long. ‘The length 
of the boilers proposed would ‘not be less than 12 feet each, with, say, 1 
foot 3 inches between them, so that they would require an additional frame 
space in each stokehold—say, 32 inches, because it would not be advisable 
to reduce the existing length of firing space in a ship of such size. The 
objection to increased length rather emphasizes the desirability of double- 
ended boilers, and the adoption of the water-tube type is in: itself a suf- 
ficiently large step to render these a relatively less risky additional, ex- 
periment. The number of units would then be the same as at present, 
except for the two double-ended and two single-ended boilers forward. 
Assuming, however, the adoption of forty single-ended boilers, the weight 
of generators only, even with increased scantlings, would amount to about 
1,800 tons, a saving probably of 2,200 tons on the existing design, against 
which is set the additional 350 tons of coal, reducing the total to a net 
amount of about 1,800 tons. The lower weight of seatings may be as- 
sumed to counterbalance the increased weight of connections. 

There are then the following advantages: 

1. A slight saving in fore-and-aft space of about eight frame spaces; or 

2. A gain of 1,800 tons of cargo at, say, 10s. per ton per trip; or 

3. A. vessel of 34,200 tons, against 36,000 tons; or 

4. A draught of water reduced from 32 feet 9 inches by at least 12 
inches; or 

5. A sligntly finer ship, together with rather less power required, or, vice 
versa, higher speed. 

It is assumed that it would be possible to stow the extra 350 tons of 
coal with very slight rearrangement of bulkheads, because the over-all 
width of the boilers proposed would only be 16 feet 6 inches, against the 
existing 17 feet 6 inches, and that this, in conjunction with any cargo car- 
ried, would probably sufficiently compensate for the altered center of grav- 
ity of machinery. 

If only half the available cargo space were filled, the additional revenue 
would be, say, 900 * 30 X 0.5]. = 13,500/., reducing’ the additional . fuel 
bill from a loss of 9,000/. to a gain of 4,000/. But it is, in the author’s 
opinion, still doubtful if the case of Yarrow or other water-tube boilers 
is not understated. 

In the event of double-ended boilers being adopted, the efficiency would 
probably be even higher, and the weight saved rather more. In any case, 
apart from any practical disadvantages—which, by the way, are probably 
more anticipated than actual, as modern naval practice goes far to prove— 
the intiuence of reduced weight on a ship as a whole is so great as to 
render it difficult to form an absolutely definite opinion without most care- 
ful investigation of the details involved. : The attraction of such a saving 
is very tempting. 

The use of oil fuel should not be overlooked in conjunction with the 
proposed boilers, as with the large units possible the combined influence 
on the design of ship is enormous. With oil fuel the stokehold comple- 
ment would at once be reduced to one-fifth of the present number, and the 
simplification in stokehold design should go far to balance the higher cost 
of water-tube boilers. If the arrangement of the Lwusitania’s three after 
stokeholds were retained, each containing six boilers, each of the eighteen 
would require to supply about 56,000 pounds of steam per hour. This 
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would mean relatively small units, and twelve boilers providing 84,000 
pounds apiece would be more suitable. An evaporation of fifteen times 
at 200 degrees F. feed temperature should be obtained, requiring 5,600 
pounds of oil per boiler per hour. By burning 8 pounds per cubic foot, 
units of 7,000 square feet of heating surface and 700 cubic feet of com- 
bustion ‘space would suffice. This should ‘enable the vessel to be built 
with two funnels instead of four, at a large gain of passenger accommoda- 
tion, and to carry only 60 per cent. of the fuel now required. With the 
enormous gain in weight of boilers and fuel, together with the smaller 
space occupied, any additional cost in maintenance, or doubt as to regular- 
ity of supply, must assume an aspect of relatively small amount. 

Channel Steamers.—In the case of Channel steamers the considerations 
are very different. The longest run is barely four hours; economy is of 
relatively less importance, the dimensions of the ship are usually restricted, 
and the proportionate weight of cylindrical boilers is generally very high. 

Several 23-knot Channel boats of about 2,700 tons and 12,000 shaft horse- 
power have recently been built, carrying eight single-ended boilers of 180 
pounds pressure, which weigh, say, 65 tons apiece, making together very 
nearly 20 per cent. of the total displacement of the ship. When burning 
36 pounds per square foot of grate surface per hour on 465 square feet, 
the evaporation is 9.6 times from feed at 120 degrees F.—that is, 11.06 
times from and at 212 degrees F. For Yarrow boilers, burning 40 pounds 
per square foot, an evaporation of 10.5 times is assumed, and is equal to 
9.15 times at 120 degrees F. In the former case the steam produced per 
square foot of grate is about 350 pounds per hour; in the latter 366 
pounds, necessitating 440 square feet of grate surface. Six boilers, each 
with 73 square feet of grate surface and 3,800 square feet of heating sur- 
face, would be sufficient. Increased to Board of Trade scantlings they 
would weigh about 33 tons apiece with water—say 200 tons in all, or a 
gain of over 300 tons, which is more than 10 per cent. of the displacement. 
The reduction in power possible would be 


12,000 x 2408 = 11,050, 


which, again, would admit of a further reduction in weight of boilers of 
20 tons. 

The vessel is 350 feet by 41 feet by 13 feet draught. As in the larger 
ship, the saving can be applied in many ways. The alteration to center 
of machinery weight is more serious in this case, and the engines and 
boilers would require to be moved bodily forward. 

If the saving be used for additional cargo, this matter is of less im- 
portance; if it be used to fine and lighthen the vessel, an obvious saving 
in fuel burnt must result. Fore-and-aft space will be saved to the extent 
of six frame spaces, rendering a rather smaller ship possible. 

If oil fuel is burnt in place of coal, the number of boilers would be re- 
duced to four, and the heating surface also reduced considerably; in fact, 
to produce 12 pounds of steam per square foot of heating surface from 
feed at 120 degrees F. would require four boilers of less than 3,500 square 
feet each. In this case the gain in the ship, as a whole, would be very 
great indeed. Instead of two funnels only one need be fitted. The size 
and initial cost of the vessel are reduced. The total fuel burnt per hour 
in the original design at full power is about 7.5 tons, which would be 
equal to 5.5 tons of oil, or, say, rather under 5 tons with the reduction 
probable in the ship. 

The requirements for such a service would be such that no difficulty 
should be experienced in obtaining a regular supply of oil. 
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Oil Fuel—Two-thirds of the present world’s oil supply comes from the 
United States, the majority being Californian; Russia supplies 24 per 
cent.,-the remaining 10 per cent. being very widely distributed over about 
fifteen different countries. The total production of oil in 1905—the year 
when oil fuel alone was adopted for certain of His Majesty’s ships—was 
about 37,000,000 tons; in 1911 it was nearly 53,000,000 tons. For United 
States oil fuel, as used in Europe, a calorific value of 19,400 British thermal 
units per pound is a fair average, giving an equivalent evaporation from 
and at 212 degrees F. of 20.1 pounds of water. The cost in England is 
now about one-half of what it was five years ago. The tendency for the 
sources of supply to increase is still accompanied by a slight reduction in 
cost per ton. 

The two principal objections to the use of oil fuel are: (1) Uncertainty 
of supply. The United States are in a very strong position in regard to 
oil fuel, and the decision of the United States Navy Department to instal 
an oil-burning system only in their last two battleships is very significant; 





Fic. 11—Sm1NGLE-ENpED BoiLer, 17. Feet 6 INCHES In. DIAMETER, 215 
Pounps PRESSURE. 
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Fic. 12.—Coat-Burninc Borer or 110 Square Feet Grate (WHITE- 
Forster Typr): GENERATOR PorTION ONLY ERECTED IN SHOP. 











Fic. 13.—Oi,-Burnine Bolter, 8,500 SQUARE Fret or HEATING SURFACE; 
GENERATOR PorTION ONLY ERECTED IN SHOP. 
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the potential advantages, of doing so are: greater\for them than. for anyone 
else. Oil-burning European liners would require to take in fuel on the 
Americanside, and the:certainty of being able to do sovis; perhaps, rather 
doubtful, compared with the United States Navy supply. A number of 
large, fast liners burning oil would make a serious inroad into the world’s 
production as it stands at present. For instance, ten large Atlantic liners, 
each burning 40 tons per hour on fifteen round trips a year of 120 hours 
each way, would require 3 per cent. of the world’s present output. The 
question of the site and the cost of storage plant in close proximity to the 
liner’s docks are other matters of considerable difficulty. 
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Fic. 14.—O1.-Burnine Boirér, 8,500 Square Fret or HEATING. SURFACE 
(Wuite-Forster Type), Berne Put on Boarp. 


(2) Cost. Unless the cost of oil fuel per ton, multiplied by its evapora- 
tive value in a boiler, and minus the financial gain in reduction of staff, 
cost of stowing fuel, less weight and increased space available, etc., be as 
low as that involved in using. coal fuel, the latter must remain the more 
financially profitable. A ton of coal at the present bunker cost of 16s. 
will produce 11 tons of steam at a cost of 1.453s. per ton. A ton of oil, 
producing 15 tons of steam; must be obtained for 22s. for the fuel cost 
only not to exceed that of.coak«.:TPhe present price in this country is nearly 
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double this figure, and even if obtained in large quantities for as low a 
price as 30s. per ton, the oil fuel cost would exceed that of coal by 33 
per cent. This difference, however, would probably be made up in the 
advantages of reduced staff, etc., as described’ above. 

Summary.—There is little doubt that the present reputation of the water- 
tube boiler as an efficient and durable steam generator has suffered from 
its early history. It has become so much a matier of course to instal 
cylindrical boilers in fast ships that the water-tube type has been largely 
ignored by ship owners, and when suggested by buiiders has been ruth- 
lessly suppressed by survey conditions. Many practical questions of steam- 
ship operation that find no place in considerations. of thermal efficiency 
enter into ship design. In many cases the vagaries of tonnage laws render 
space occupied of little moment. Actual weight in others, though large 
in absolute measure, may be proportionately small in comparison to the 
durability it provides. For passenger and merchant vessels, that quality 
is of the very first importance. It is not sufficient for a boiler to possess 
adequate strength to withstand ordinary conditions; there must be a mar- 
gin beyond this. Again, the ability to realize on service the result of 
short runs on trial trips remains to be more widely proved. It should be 
remembered that no advocacy of high combustion rates for mercantile 

work is expressed in the paper, although for oil boilers it is hard to see 
why rates relatively high to those of coal should not be employed without 
the slightest danger. 

It appears extremely probable that in the near future we shall see the 
gain to the ship in reduced weight of boilers and fuel valued to a con- 
siderably greater. extent than is at present the case. 

The question of superheat from water-tube boilers is not to be ignored. 
Even a moderate amount has a most marked effect on engine economy 
on board shin, but the question is too long to discuss in the present paper. 

In Fig. 11 is shown the front view of an ocean-going vessel’s boiler, 
with Howden draft fittings. 

In Fig. 12 is shown the generator portion of a White-Forster coal boiler 
of 110 square feet of grate surface. 

In Fig. 13 is shown the generator portion of a White-Forster oil boiler 
of 8,500 square feet of heating surface; while Fig. 14 shows the same 
boiler being placed on board the vessel. 

In Fig. 15 is a diagram by means of which actual evaporation values 
from any feed temperature may be rapidly converted into equivalent values 
from and at 212 degrees F.—“ Engineering.” 


DETERIORATION OF COAL IN STORAGE. 
AMOUNT DETERMINED FROM ACCURATE TESTS BY THE BUREAU OF MINES. 
H. C. Porter and F. K. Ovirz—American Chemical Society. 
Until very recent years coal has been considered as an extremely un- 
stable material, subject to serious alteration and losses when exposed to 


the weather. Even as late as 1906 a paper read before the United States 
Naval Institute states: “The pressure of the weight of coal causes gases 


to be evolved; . . . these gases constitute the chief and only value 
of the coal in that they furnish the heat units. It is claimed that if a ton 
of fine bituminous coal be spread out on a concrete pavement. in 


the open air in this climate (Key West, Florida) for one year, it will lose 
all its calorific properties. The gases are simply free to escape, and when 





Se eee eee toe 


& 


~ 


Ed glen k ota Sp 


an 


il aaa a8 — 
See tit ie e Sa a ete 


pigeons 
set ee 


ed 


= 


eins AU 


Spee ig ii eg 


pee yert 
OR 


a ae ee 
ete Le 


ponte: 


wiytena ee 
Sretaa ROTA 


rpg 





er eae ee ee 


ee 










718 NOTES, 


the coal has lost all its gas-it will have lost’all its heat units and be sim- 
ply coke.” 

Other statements, even more emphatic, have appeared from time to 
time, and while probably most chemists of today do not hold such ex- 
treme views, yet there: remains in the minds of most an impression that 
deterioration does occur to such an extent, as to be of industrial im- 
portance. For. this reason the Bureau of Mines undertook to determine 
accurately. the extent of deterioration in different types of coal. 

First, a study was made in the laboratory of the loss of volatile matter 
from crushed coal during storage. A number of samples (20 pounds 
each) representing a variety of types from widely separated fields, were 
broken to about %-inch size and immediately placed in glass bottles in the 
mine. At the laboratory the accumulated gas was withdrawn and a free 
continuous escape of the volatile products permitted at atmospheric pres- 
sure and temperature, The results of these experiments show that while 
several coals evolve methane in large volumes, especially in the early period 
after mining, the coal suffered in one year a loss of calorific value from 
this cause of but 0.16 per cent. as a maximum. 

It seems, therefore, that the loss due to escape of volatile matter from 
coal has been greatly overestimated. 

At the instance of the Navy Department, however, more elaborate tests 
were undertaken to determine the total loss possible in high-grade coal 
by weathering. The extent of the saving to be accomplished by water 
submergence as compared to openrair storage was a point to be settled. 
and there has also arisen the question as to whether salt water possessed 
any peculiar advantage over fresh water for this purpose. 

In brief outline the tests by the Bureau of Mines were carried out as 
follows: Four kinds of coal were chosen: New River on account of its 
large use by the Navy, Pochahontas as a widely used steaming and coking 
coal in the eastern section, and as being also the principal fuel used in 
the Panama Canal work, Pittsburgh coal as a type of rich coking and gas 
coal, and Sheridan (Wyo.). sub-bituminous or “black lignite’—a type 
much used in the West. With the New River coal, fifty-pound portions 
were made up out of one large lot, which had been crushed to one-half 
inch size and well mixed. These portions, confined in perforated wooden 
boxes, were submerged under sea water at three navy yards, differing 
widely from each other in climatic conditions, and 300-pound portions 
from the same original lot were exposed to the open air, both out of 
doors and indoors, at the same places. 

With the Pocahontas coal, test was made only at the Isthmus of 
Panama, run-of-mine coal being placed in a 120-ton pile, exposed to the 
weather. Pittsburgh coal was stored as run-of-mine in open outdoor 
bins, five tons capacity, at Ann Arbor, Mich., also in 300-pound barrels 
submerged under fresh water. The Wyoming sub-bituminous was stored 
at Sheridan, both as run-of-mine and slack in outdoor bins, holding three 
to six tons each. 

Every test portion was sampled each time in duplicate, and in all cases, 
except the outdoor pile at Panama and the 300-pound open-air piles of 
New River coal, the sampling was done by rehandling the entire amount. 

Small lots and a fine state of division were conditions purposely adopted 
with the New River coal so as to make the’ tests of maximum severity. 

Moisture, ash, sulphur and.calorific value determinations .were made 
on each sample, the last by means of the Mahler bomb calorimeter and a 
carefully. calibrated. Beckman thermometer. The calorimetric work on 
all’ except the Sheridan, Wyo., tests has. been done throughout by one man, 
Mr, Ovitz, and with the same instrument.: All the calorific values have 
been calculated to a comparable unit. basis, viz: that of the actual. coal 
substance free. of moisture, sulphur and corrected ash. 

The results show in the’ case of the New River coal less than 1 per 
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cent. loss of calorific value in one year by weathering in the open. There 
was practically no loss at all in ithe submerged samples, and fresh water 
seemed to “preserve the virtues” of the coal:as well as salt: There was 
almost no slacking of lump in the run-of-mine samples, and the crushed 
coal in all cases deteriorated more rapidly than run-of-mine. 

The Pocahontas run-of-mine in a 120-ton pile on the Isthmus of Pa- 
nama lost during one year’s outdoor weathering less than 0.4 per cent. in 
heating value, and suffe red little or no physical deterioration of lumps. 

The Pittsburgh gas coal during six months outdoor exposure suffered 
no loss whatever of calorific value, measurable by the calorimetric method 
used, not even in the upper surface layer of the bins. 

The Wyoming coal lost as much as 5.3 per cent. in one of the bins 
during 234 years, and 3.5 per cent. even in the first three months. There 
was bad slacking and crumbling of the lumps on the surface of ‘the piles, 
but where the surface was fully exposed to the weather this slacking did 
not penetrate more than 12 to 18 inches in the 234-year period. 

Storage under water unquestionably preserves the heating value and the 
physical strength of coal. But it- practically necessitates firing wet coal, 
and therefore means the evaporating in the furnace of an amount of 
moisture varying from 1 to 15 per cent., according to the kind of coal. 
This factor is an important drawback to underwater storage with coals 
like the Illinois and Wyoming types, which mechanically retain 5 to 15 
per cent. of water after draining, but in case of the high-grade eastern 
coals, if firemen are permitted, as is ordinarily the case, to wet down their 
coal before firing, “so as to make a hotter fire,” as they say, then the 
addition during storage of the 2 or 3 per cent. moisture which these coals 
retain would be of little consequence. Submergence storage is an abso- 
lute preventative of spontaneous combustion, and on that account alone its 
use may be justified with some coals, but merely for the sake of the saving 


to be secured by avoidance of weathering there is no ground for its use.— 
“The Engineering Magazine.” 


A SUBSTITUTE FOR A TRAP. 


The accompanying figure shows the design of a device intended to 
handle water of condensation and which has been given the name “ Ratisal” 
by its inventor, Heinrich C. Sommer, Nachfolger, Diisseldorf, Germany. 

A tube-like conical shell A contains a removable tube B upon the ex- 


ternal surface of which is formed a spiral screw as shown. During nor- 
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mal operating conditions the valve C is closed and the water of conden- 
sation is forced to find an exit through the sinuous canal of gradually 
decreasing cross-section formed by ‘the spiral screw and the inner surface 
of the shell A 

As the canal is of considerable length, the frictional resistance offered 
to the passage of the water is almost equal to the pressure of the steam 
in the space being drained. By adjusting the sectional area of the canal 
the frictional resistance may be regulated so that the water will have any 
desired pressure as it emerges from the device up to within a small 
degree of that of the steam. For this purpose two sizes of copper-wire 
spirals are supplied which may easily be wound into the screw to diminish 
the effective area. 

If air is to be blown out of the system which the device is draining or if 
for any reason a temporary vigorous steam or water discharge is desired, 
the valve C is opened and a short-circuit is established through the central 
core of the tube B.—‘‘ Power.” 


AN ANALYSIS OF THE CLAIMS OF THE MARINE INTERNAL- 
COMBUSTION ENGINE. 


Many enthusiastic partisans of the internal-combustion engine for use 
afloat have comparatively hazy notions as to what exactly are the ad- 
vantages both in nature and extent which it has over the steam engine, 
and it is to be feared that they are prepared, in some instances at all 
events, to make rather exaggerated claims for it. On the other hand, 
there are supporters of the older form of power who are not prepared 
to admit more than a trifling, even if any, advantage in any direction over 
steam. This is hardly to be wondered at, seeing that reliable comparative 
data are very difficult to come by, and require analyzing with an un- 
biased mind in the light of some knowledge of both forms of power in 
actual practice. Moreover, any data now available are still largely founded 
on the estimate, or perhaps guarantees, of the manufacturer, based upon 
his past experience, somewhat limited as that must be. Such data we 
have been trying to collect for some time, and we propose to endeavor 
to put a few facts forward in such a way as shall present an absolutely 
unprejudiced statement of the case, and so try to arrive at some approxi- 
mately accurate idea as to how the question really does stand. We hold 
no brief for either form of power, though we must admit that before 
taking up the study of the marine oil engine we, in common with many 
others, had a general idea that it, on the whole, presented some con- 
siderable advantage over steam, though we did not feel able to put the 
idea into such tangible form as only definite figures can represent. As is 
perfectly well recognized, any consideration of the type of machine to be 
adopted in any set of circumstances must be made in direct relationship 
to the particular class of service for which the machine is required, so 
that the question. we are about to discuss cannot be dealt with by generali- 
zation. We must therefore sub-divide the field in such a manner as shal} 
afford fair scope to the various claims which can be made on behalf of 
the two systems. ‘We shall therefore classify “boats” under three rough 
headings, each requiring a different horsepower for propulsion, and, deal 
with each separately. The arguments used in reference to one class do 
not necessarily apply to another at all, or not with the same force; for 
instance, fuel economy is of comparatively small importance.on a-yacht’s 
launch, but of prime importance in a large commercial boat. The exact 
line of classification which we propose to adopt is-largely dictated by the 
engines of each type of which we have been able to obtain exactly com- 
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parable data, and, though it may not be considered entirely satisfactory, 
we think that, on the whole, the divisions are fair, each one meeting the 
next, and the whole-covering practically all-the ground. 

In making any such comparison as that proposed it is, first of all, neces- 
sary tO afrive at some common denominator to which all the engines in 
each class can be reduced, so that none can obtain an unfair advantage 
over another by reason of the omission of some factor from the calcula- 
tion, and we think that that common basis 1s best found by basing all the 
comparisons. upon an equal number of revolutions; by this means all ques- 
tion of propeller efficiency and hull form are eliminated, and speed need 
not be considered. It is, for instance, obviously unfair to take a high- 
speed motor and compare it with an-old slow-going- compound steam en- 
gine, as has been done so often; we have even seen a sketch showing the 
great saving in length obtained by fitting a fast-running motor into the 
place of a twenty-year-old steam engine with a locomotive boiler. 

With this basis agreed upon and limited by the above-mentioned dif- 
ficulty of getting facts as to exactly comparable engines, we find that the 
grouping comes out automatically as follows: (1) 14 brake horsepower, 
launches; (2) 80 brake horsepower, barges, small tugs, fishing smacks, 
etc.; (3) 1,100 brake horsepower, small tramps. This sub-division covers 
most types of small craft, where special conditions do not apply, and may, 
with due discretion, be somewhat extended to types not mentioned; but 
we do not profess to be able to cover every possible one of the multitudi- 
nous conditions of service which exist, to some of which our arguments 
might conceivably apply in the inverse ratio of that given. We have taken 
the brake horsepower of the steam engines as 85 per cent. of the indicated 
horsepower in each case, which will be accounted a very fair assumption. 
A point which has to be borne in mind in putting forward such data is 
that all the engines compared shall. be as nearly as possible of the same 
class, that is, specially designed for the same purposes and with the same 
quality of workmanship and material put into their construction. For the 
small type of steam engine we have therefore taken the 18 indicated horse- 
power triple-expansion launch engine with oil-fired water-tube boiler, built 
by Messrs. Simpson Strickland & Co. specially for launch use, and con- 
trasted it with the 14 brake horsepower two-cylinder Parsons Jaunch 
motor with reversing gear. Referring to the table, it will be seen that 
the brake horsepower of the steam engine is slightly more than that of the 
motor, but not enough to invalidate the figures, and the revolutions are 
exactly the same; the total weight of the steam engine with steam up is 
seen to be 2% cwt., or about one-third greater than the petrol engine, and 
with fuel for the same number_of hours steaming will be a little higher 
still. This weight, however, on a 30 cwt. yacht’s launch will hardly be 
appreciable, while for a boat which is not intended for hoisting in davits 
it will be of no importance at all. The cost of the steam engine is, how- 
ever, very much higher than the particular example of motor taken, though 
the prices of the latter vary considerably, and some makes are much 
higher than the Parsons. With regard to the space occupied, it will be 
seen from Figs. 1 and 2 that the steam engine is actually shorter than the 
motor, while the latter requires.some further allowance for starting up, 
though this need not be considered’ when once under way, unless a bulk- 
head is required in the boat, when the loss of room would be permanent. 
Figs. 3 and 4 show illustrations of the actual engines compared. Coming 
to the question of comparative economy, it will be seen that the steam 
engine burning paraffin at 4d. per gallon will cost £1 5s. 2d. for twenty- 
four hours running, while the motor will cost £1:11s: 6d. running on petrol 
at 1s. per gallon for the same period, a difference which, though about 20 
per cent., is not of very great importance, in view of the total number of 
hours such a boat is likely to be run in a year, and the small proportion 
the fuel costs bear to the total costs of running where a paid hand is kept. 
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Length over engine and boiler, 4 feet 44 inches. 
Fic. 1—19-H.P. Sream ENGINE anv Bol er. 


If, however, coal at 17s. 6d. per ton were to be used as fuel, assuming the 
excessive consumption of 3 pounds per indicated horsepower per hour 
for a small triple engine, the cost.would be reduced to 9s.:5d. for the 
twenty-four hours, but this would introduce dirt, and more room would 
be required for firing, bringing the length between bulkheads up to the 
same as that for the paraffin engine, while the motor might counter by 
using paraffirr at 4d. per gallon, when the cost for the twenty-four hours 
would come down to 10s. 6d., with a small addition for petrol for start- 
ing up, and-the-two- would. bemore nearly equal under this head. No 
definite statement can be made as to the relative labor costs, as it would 
vary in different circumstances; in a yacht’s launch a hand would be taken 
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in either case, and would be sufficient to look after the boat and machin- 
ery, but it would be easier to dispense with a man in the case of the 
motor than with the steam launch, even when the latter used oil fuel. 
In all the sizes which are considered in this article the steam engine is 
probably more flexible; that is, the revolutions can be reduced to a greater 
extent for the purposes of easing a boat in a head sea or maneuvering in 
narrow waters. The steam engine will be quieter than the motor in the 
case taken, though we have seen small triple-expansion machinery and 
four-cylinder motors specially designed for silence of which it would be 
hard to say which was the most quiet. Though we do not wish to deal 
with matters of opinion in this article, yet, as it is pretty generally agreed 
that the steam engine is still today more to be relied upon for sea work 
than the motor, it is only fair that this point should at least be considered 
in weighing the other points mentioned. Granting, then, that in the small 
size the two systems are equally durable, it is found that the steam engine 
is a little heavier and is more costly to buy, but it is safer and costs less 
to run, and occupies less space than the petrol engine; though if using 
coal it would occupy the same length between bulkheads as, but still cost 
less than, a paraffin engine to run, and would take, say, five minutes longer 
to get under way; steam being raised ir? the type of boiler taken in about 


six minutes from all cold. A small sum—say, £2 10s.—would also have: 


to be allowed each year for retubing the boiler after about six years’ 
work, which has no comparable figure in the motor. 

In the next size, 80 brake horsepower, we have also taken a Simpson- 
Strickland built steam engine; this time a compound with fire-tube boiler 
using coal and designed for rough, hard work. Here it will be seen that 
the revolutions are a little lower than those of the motor, though not 
enough so to affect propeller efficiency, and hardly enough to affect the 
weight, which is some 60 per cent. more than the motor, while the weight 
of fuel for equal horsepower hour steaming will be about five times as 
great. The first cost of the steam engine is 20 per cent. lower, but the 
cost of running is more than double that of the motor. The motor taken 
in this case is the 80 brake horsepower four-cylinder Griffin engine, which 
we described in our issue of November 11th, 1910. This engine is fitted 
with a reversing gear, and it will probably come as a great surprise to 
many that the space required between bulkheads is nearly the same as 
that required by the steam set, as shown in Figs. 5 and 6, The great 
importance of having all the engines to be compared running at the same 
number of revolutions can be gaged by observing the saving in weight, 
space, and cost to be obtained by increasing the revolutions from 350 
per minute to 450 per minute, as seen in the table in connection with the 
Blackstone reversing engine. Thus it will be seen that for the same radius 
of action the motor-driven boat can carry about 13% tons more cargo on 
the same displacement at the same speed, allowing for the difference in 
weight between the Griffin engine and the steam engine and the reduced 
quantity of fuel in the bunkers required for a four days’ trip. The num- 
ber of men required will probably be the same in each case, but the steam 
engine would take longer to get under way. 

Some rather surprising figures come to light in the case of the third 
series of comparisons... For. these we have obtained the figures of a stand- 
ard 1,300 indicated horsepower return-tube boiler, triple-expansion steam 
equipment, from Messrs. David Rowan & Co, the well-known builders of 
Glasgow, and a six-cylinder four-cycle 1,100 brake horsepower Diesel 
engine now under construction by the Nederlandsche) Fabriek, and’ to 
make the comparison complete: we have also got the figures for a two- 
cycle double-acting Diesel engine of the same power by the M.A.N. It 
will be seen that the weight of the steam plant with all engine auxiliaries 
and piping is slightly less than that of the four-cycle engine, but there is 
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Fic. 5—80-B.H.P. SteEAM ENGINE AND BOILeEr. 


a saving of nearly 100 tons by the adoption of the two-cycle double-acting 
engine. 

We have been unable to obtain the corresponding figures for a single- 
acting engine of exactly the same power, and we have therefore given 
figures of cost and weight calculated from horsepower from a_ 1,200 
B.H.P. set. It will come as a surprise to note from these what a very lit- 
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tle difference there is in weight and cost between the double-acting and 
the single-acting engines. 

On the other hand, the steam engine installed complete on board costs 
only 70 per cent. of the two-cycle oil engine, and considerably less than 
half the four-cycle, but it costs 50 per cent more in fuel to run, without 
taking into consideration the standby losses for getting up steam and 
lying with fires banked. It is interesting to note that the four-cycle engine 
shows a saving of almost exactly 10 per cent. in fuel cost over the two- 
cycle engine. he steam engine, with its boilers, also requires some 7 feet 
more space than either of the motors, apart from the bunkers, as shown 
in Figs. 7, 8 and 9, while the bunker capacity would have to be nearly 
four times as large for the same radius of action. From the figures given 
in the table it will be seen that, taking the two-cycle engine with sufficient 
fuel on board for a seven days’ run, approximately 200 tons more cargo 
can be carried on the same displacement at the same speed than with the 
steam engine, or a smaller ship could be built for the same cargo capacity 
and a probably slightly higher speed, which would account for a large part 
of the extra £2,500 cost of machinery, while there would still be a saving 
of £6 per day in fuel. In addition to this, the steam engine would re- 
quire probably nine hands at an estimated monthly rate of pay of £54, 
while the Diesel engine could do with six hands at a monthly rate of pay 
of £42, a yearly saving of £144; we have allowed for four-hour watches, 
two men on watch all the time with the motor, and three men, an engi- 
neer, a greaser and a fireman, on watch in the steam ship. It must also 
be remembered that the cost of boiler repairs will be an item which will 
not appear in the motor, and that the steam engine will require some 
hours to get under way, while the Diesel engine will be away in as many 
minutes. There are, of course, other points to be considered, such as 
reliability, reversibility, flexibility, safety, durability and silence, and the 
driving of the auxiliaries; but, with the exception of reliability, they are 
so largely matters of opinion which cannot be established by actual facts, 
that we prefer to leave the consideration of them out of the article. 

We should add that all the figures in the table, except the price of the 
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fuel, some of the bulkhead measurements and the wages of the hands, are ¢ 
those actually given us by the respective builders, and they may therefore 
be taken to be accurate as any figures which are to be obtained. 

The price of the fuel has had to be assumed, as this varies much from 
time to time and according to the locality; the prices named, however, 
are a sufficiently close approximation to the average for home and for- + 
eign ports to give the desired comparison, but they can, of course, be 
altered to suit. individual cases, and we think that the resulting figures 
which we give will prove of great interest. To us they have come as 
somewhat of a surprise in some instances, as we did not set forth to try 
and prove a case, but to learn the facts—‘ The Engineer.” 
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THE PRESENT STATE OF DEVELOPMENT OF LARGE STEAM 
TURBINES* 


By A. G. CuHristTik£. 
PRESENT FIELD OF LARGE STEAM TURBINES. 


Steam turbines are now being used for driving alternating-current gen- 
erators, turbo-compressors, turbo-blowers, pumps and marine propellers, and 
by means of gearing, to furnish power to direct-current generators, rolling 
mills and the propeller shafts of steamships. Reciprocating engines were 
formerly used for such purposes, but recently this class of engine has 
seldom been installed except for rolling-mill work, non-condensing service 
as on heating systems, rope and belt drives, hoists, and in certain combina- 
tions with low-pressure turbines in marine work. The high economy of 
the piston-pumping engines and also of some types of air compressors, has 
continued their popularity in spite of the.increasing competition of steam 
turbine units. The steam turbine has found favor principally on account 
of its low first cost of installation, its small floor-spaeexrequirements, its 
continued good steam economy over a period of years and its small op- 
erating and repair charges. 

The incréased use of steam turbines in sizes up to 1,000 H.P. seems to 
have received at least a temporary check in Europe by the introduction of 
the new Stumpf direct-flow engine. 


TYPES OF STEAM TURBINES. 


For the purpose of this paper, large commercial steam turbines will be 
divided into two classes: (a) fundamental types, and (b) modified or 
combined types. 

The fundamental types of turbines are as follows: 

a The Parsons type, which works on the so-called “ reaction” principle. 
In this type the heat. energy of the steam is changed into kinetic energy, 
both in the stationary guide blades and in the moving blades. In’ other 
words, both sets of blades act as orifices expanding the steam through a 
small pressure drop. As nozzles and orifices usually have very high effi- 
ciencies, this turbine should, theoretically, prove the most economical. of 
all types. The construction of the Parsons turbine is familiar to all en- 
gineers. It consists of a drum, or a number of drums, carrying the blade 
rows which alternate with rows in the casing. The drums carry balance 
pistons to equalize the end thrust. 

b The Curtis type, which works on the impulse principle with high steam 
velocities and few stages. Each stage, however, is provided with two or 
more .rows of fevolving blades known as “ velocity rows,” with inter- 
mediate rows of guide blades. The steam velocity at the beginning of each 
stage is high. The revolving blades are carried=on discs separated by 
diaphragms, which extend to the shaft and which carry the orifices be- 
tween stages. Curtis turbines are now usually built with horizontal shafts. 
In American practice some sizes over 7,000 kw. still have vertical shafts. : 

¢ The Rateau turbine, which consists of a number of simple impulse 
wheels in series on the same shaft and.separated from one another by dia- 
phragms carrying nozzles. It operates with lower steam velocities than the 
Curtis and consequently has many more stages. Each revolving element 
carries only one row of blades. 

The type of turbine ‘known as the Zoelly bélongs to the same classifica- 
tion as the Rateau, front which it differs only in the use of higher steam 
velocities, in the number of stages“and in certain constructional “details. 
Fig. 1 shows a section of a Zoelly turbine. Though this type has been 
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widely adopted abroad, it has not: been placed on:the American market up 
to the: present time, except in certain torpedo-boat destroyers built at 
Cramps’ shipyard. 

Each of these fundamental: types: is based on sesind theoretical, princi- 
ples. In the process of manufacture andin) operation, certain features 
have not proved entirely: satisfactory, hence ‘far-reaching. modifications 
have been made in the design of some types of turbines. : Some manufac- 
turers have combined the characteristics of' two: or more: types to -over- 
come -the inherent: limitations; of each: fundamental type...A discussion of 
the unsatisfactory operating conditions of each type will show the reasons 
which led up to the changes: in recent turbines and. will also aid in: dis- 
tinguishing the novel features of new designs. 

The first rows. of spindle blades'in:a standard Parsons turbine are placed 
ona drum of small diameter in order to make the blades as long as possi- 
ble and to minimize the proportional leakage losses past the ends of the 
blades.’ A large number of rows are provided in order to keep the:steam 
velocities low, as the blade velocities must be low with the small drum. 
The drop in pressure dt each; row is small and hence the leakage-is cor- 
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respondingly reduced. This construction results in a turbine with a long 
spindle and with great distance between bearings. High-pressure’ steam, 
frequently at high temperature, is admitted to the casing. Distortion of 
casing and spindle are thus easily conceivable in stich construction, and to 
allow for this contingency the clearance on the’ends of all blades is usually 
increased. This distortion may be due either to unequal heating or to the 
growth of the cast-iron casings. ‘The fluid friction losses: are large in: this 
high-pressure section, for a large number of rows of blades: must: be re- 
volved in steam’ of high density. The leakage losses and fluid friction 
losses in the high-pressure section, together with the troubles due. to dis- 
tortion in the long shaft, have forced designers to introduce modifications 
in this’ portion of the turbine, either by new blading arrangements, by ‘di- 
viding the total expansion’in large sizes between two cylinders ior by the 
introduction of impulse’ blading: 

The low-pressure sections of Parsons turbines have always shown high 
efficiencies. As low steam velocities are: characteristic of this) type, there 
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is no cutting away of blade material, even with very wet steam, provided 
no injurious properties are present in the feedwater. This low-pressure 
section has therefore been altered only in details. 

The presence of a large low-pressure balance piston in close proximity 
to the steam inlet has frequently been the cause of serious distortions. 
Many builders now place ‘this balance piston in the exhaust end, a con- 
struction due to Fullager. 

The Curtis turbine utilizes high steam velocities in all stages. As steam 
becomes wet through expansion in the low-pressure stages, there is fre- 
quently considerable cutting of the blade material by the steam, although, 
contrary to first expectations, there is seldom cutting in the high-pressure 
blades due to the high initial velocities. The first row of velocity blades 
in a stage usually does the greater portion of the work, and hence the 
second row does not work at maximum efficiency. As the steam of the 
first.stage is expanded very fully in the nozzles, there is no high pressure 
or superheat in the turbine casing or at the glands. The vertical type of 
unit is somtimes subject to electrical unbalancing and to other troubles 
peculiar to this construction. It is not as accessible in operation as the 
horizontal machines. 

Recent designs have provided for horizontal units and for the replace- 
ment of the low-pressure section by sections of other types. 

The Rateau turbine has high pressures on the gland at one end. There 
are a large number of discs revolving in dense steam at the high-pressure 
end. It has lower steam velocities throughout than the Curtis, and con- 
sequently has no blade-cutting effects in the low-pressure section. The 
clearances around the blades are large, but the shaft clearances of the 
diaphragms must be kept small. Some builders of this and the Curtis type 
have brought out new designs which employ the high-pressure section of 
the Curtis with the low-pressure section of the Rateau. These represent 
a compromise between eecituey and manufacturing costs. 
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Fig. 2.—Secrion or Brown Boveri's Curtis-PARsons TURBINE. 


Under the classification’ of modified or combined types, there are tur- 
bines with modified Parsons, Curtis and Rateau construction, and turbines 
with combinations of Curtis-Parsons, Rateau-Parsons, Curtis-Rateau. and 
Curtis-Zoelly construction, witha few special combinations. Some typical 
turbines of these classes are described in the following paragraphs. 

The Allis-Chalmers Company manufacture a turbine of. the modified 
Parsons type. High peripheral speeds are employed with a decreased 
number of rows. A portion of the theoretical aiieleneos in the high-pres- 


sure end has been sacrificed by the use of fewer blade rows. Also a 
smaller proportion of work is:done in this section than is'usnal in, Parsons 
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turbines. The blades are all provided with a channel-shaped shroud. 

European experimenters have pointed out that better efficiencies are ob- 

tained with shrouded than with plain blades, as the so-called spilling over 

at the ends is prevented. Wing blades are fitted in the last low-pressure 

rows to take care of the large volumes of low-pressure steam. The spindle 

is much shorter and stiffer than the standard Parsons, and hence smaller ‘ 

clearances can be provided. The Fullager low-pressure balance piston is 

also used. The outstanding features of this design are, reaction principle 

with drum construction, few rows of blades with high steam velocities, 

short spindle construction, and employment of wing blades for high 

vacuum. The steam consumptions obtained on this type show improved 

efficiency over standard construction. : 
A number of Parsons turbines have been built in which the total ex- 

pansion “is divided between two cylinders. One of the best known units 

of this type is installed at Dunstan Power Station England, This was built 

by Richardsons Westgarth & Company on Brown-Boveri designs.~.This 

unit, however, employs a modified double-flow Parsons construction in the 

low-pressure cylinder. 
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Fic. 3.—Horizontat Curtis Steam TurBINE, 7,000 Kw., 1,800 R.P.M., 
S1x-STace. 





C. A. Parsons & Co. have used cast-steel cylinders for. the high-pressure 
portion of their turbines so as to overcome the troubles. due to deforma- 
tion and growth of metal under high pressures and superheat experienced 
with cast-iron casings. 

The Westinghouse Machine Company have developed a double-flow: ma- 
chine which employs. a Curtis high-pressure stage with Parsons intermedi- 
ate and double-flow low-pressure sections, There is only one balance pis- 
ton in this machine next to the Curtis ring, 

These turbines run.at high speeds, have short shafts and small clear- 
ances. The steam is expanded in the nozzles, iand hence 'there’are no high 
pressures or temperatures in the casing. By providing ‘two; low-pressure 
sections, high vacuum can be economically utilized. : 

European builders of Parsons turbines, among whom are Brown Boveri 
& Company, C. A. Parsons & Co., Franco Tost, Sulzers, Willans, &, Rob- 
inson and Erste Briinner, have replaced the high-pressure sections of their 
Parsons turbines by a Curtis wheel with two or more velocity rows but have 
retained the single-flow Parsons drum construction for the remaining por- 
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tions. One‘of these units is shown in Fig. 2.: The temperatures and pres- 
sures in the casing are low as the steam is expanded in the nozzles. The 
distance between bearings is decreased, the shaft is stiffer and clearances 
are smaller than in the standard Parsons turbine. The Fullager balance 
piston is used in the turbines of several: of these builders. Turbines built 
in this manner have shown some exceptionally good efficiencies. 

Compared with the Westinghouse machine, the leakage at the end of the 
low-pressure blading is less: than in the double-flow section. On the other 
hand, the Westinghouse machine has smaller balance piston losses and can 
also utilize the highest vacuum at better efficiency. 

Melms & Pfenniger employ a drum impulse section of about five stages 
instead of a Curtis ring on some of their large turbines. They claim im- 
proved efficiency from this construction, though high-pressure and high- 
temperature steam are introduced’ into the casing. 
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Fic. 4.—Srction of BERGMANN Curtis-RATEAU TURBINE. 





The General Electric Company now manufacture a horizontal type Cur- 
tis turbine in all sizes up to 7,000 kw., a section of which is shown in Fig, 
3. This embodies all the essential features of the Curtis design. Com- 
pared with the vertical type, this design provides easier access to all work- 
ing parts such as governor, bearings; valves, etc., and allows a better sur- 
vey of the unit." The machine can also be dismantl@d and its internal parts 
examined with less trouble. The oiling problem is very simple compared 
with the vertical units, as there is no step bearing to provide for. It is 
possible that only horizontal units of all sizes will be built in the near fu- 
ture. The A. E. G. also builds similar turbines up to 1,000 kw. capacity. 

Many manufacturers in Evrope‘are now building a turbine of the type 
shown in Fig. 4. This consists of a Curtis high-pressure with Rateau or 
Zoelly low-pressure sections, the number of stages depending on the size 
of the machine, the speed and the steam conditions. The pressure and 
temperature in the casing are low, as a consequence of the expansion of 
the steam in the nozzles: The steam velocity is moderate in the low-pres- 
sure section. This machine is longer than the simple Curtis but shorter 
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than the Rateau. Its builders claim improved efficiencies over either of 
the fundamental types. 

3elliss & Morcom, of Birmingham, England, have introduced a. turbine 
which consists of a high-pressure Curtis stage with a low-pressure drum 
construction like Parsons, but fitted with impulse blading on the spindle 
and blades forming expansion parallel wall nozzles in the casing. All 
other impulse turbines employ diaphragms extending to the shaft. There 
are a greater number of rows in a Belliss turbine than in a corresponding 
Rateau turbine, and hence a lesser pressure drop through each set.of guide 
blades. The net leakage loss may thus be lower than the Rateau, even 

















Fic. 5—Srction of Curtis DRUM-IMPULSE PARSONS TURBINE. 


though the leakage area is greater. This turbine is essentially a Curtis- 
Parsons construction, with few rows of blades and with the expansion 
taking place in the stationary blades only. 

A turbine, shown in Fig: 5, has recently been patented in England, which 
has some features of unusual interest. The high-pressure stage is Curtis, 
the intermediate section is of a drum impulse type with three stages, whiic 
the low-pressure portion is Parsons, which may be also double-flow. This 
combines features of all three fundamental types, and it will be interesting 
to see what results are obtained in practice by such an arrangement. 


DISCUSSION OF TURBINE DETAILS. 


In the early days of steam turbine building it was difficult to secure 
suitable materials to withstand the stresses set up at high speeds of rota- 
tion. But as the demand for such materials increased, much study was 
given to the requirements for this service so that it has been possible 
through the use of more suitable material to increase very considerably 
the speeds of all sizes of steam turbines. 

Higher steam velocities are possible with increased peripheral speed, and 
thus fewer rows of blades or stages are required. This results in a shorter 
and more rigid shaft construction, which is therefore less liable to vibra- 
tion. Many builders, especially those of Parsons turbines, have found this 
construction to give an increase in steam economy over the slow-speed 
types, so that the more compact modern high-speed machine is more de- 
sirable than the older type. 

BLADING. 


The requirements of a satisfactory blading material are that it shall 
withstand without deformation stresses due to centrifugal force, and tem- 
perature or pressure changes, it shall not cut out with high velocities of 
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steam, and that it shall withstand the corrosive effect of moisture. Par- 
sons turbines have used special bronzes and copper-nickel alloys. Steel 
blades have also been used in some cases. In these turbines the steam ve- 
locities are low and there is usually no cutting on this account. The prin- 
cipal problm with this blading is to manufacture it cheaply and secure it 
in such:a manner that it will withstand all stresses to which it is subjected. 
This blading design is therefore a question of detail, and, as shown in 
Table 1, many ingenious schemes have been devised. 

In Parsons turbines the blades are usually cut, punched or pressed into 
proper form from strips of drawn material. The original Parsons blad- 
ing consisted of alternate blades and distance pieces placed in a slightly 
dovetailed slot and calked tight. Many European builders thread blades 
and distance pieces on holding wires before calking in. In this case the 
blading is made up in sections. Other builders of turbines of the Parsons 
type use Sankey’s solid foundation ring held in place by a soft metal calk- 
ing strip. Allis-Chalmers employ this well-known construction. As this 
form is usually all machine made, it is considered by many engineers to be 
safer than where dependence is placed on hand work, such as must or- 
dinarily be done where each distance piece is calked separately. 

There are many methods in vogue for spacing and reinforcing the ends 
of Parsons blading. The Westinghouse Machine Company use a comma- 
shaped wire threaded through the blades near their outer end and bent 
over between them. Similar schemes are used by manufacturers in Europe. 
As. a rule, however, European builders follow the old Parsons method of 
silver soldering or brazing the blades to a holding wire near their outer 
ends. They generally thin down the tips of the blades to reduce weight 
and to avoid injurious. effects to spindle or casing from accidental rubs. 
Some builders, such as Sulzers, do not thin off their blades or use shrouds, 
but make their spindles so rigid and well balanced that the blades can be 
made with a very heavy cross-section and hence need no support. Sev- 
eral manufacturers rivet the outer ends of their blades into channel-shaped 
shroud rings. This gives an especially stiff construction. 

Advocates of the shrouded blading claim that it provides a labyrinth 
passage for the steam and thus reduces the leakage losses from row to 
row. It also holds the blades at the required angles. It has been noted, 
however, that with wet steam there is a tendency for the moisture to pit 
the casing opposite the edges of the shrouds and thus increase the clear- 
ances. This action has also been noticed with unshrouded Parsons. blad- 
ing. The shrouded blading is usually so stiff that serious damage is done 
if rubbing starts between the blading and the spindle or casing. 

The blading of impulse turbines is of nickel-steel, frequently with 25 
per cent. nickel, in the high-pressure section and special bronze in the other 
stages. Experience with this 25 per cent. nickel-steel blading material has 
not been entirely satisfactory, and several manufacturers are now using a 
low carbon steel alloy with just sufficient nickel to prevent. corrosion, 
usually about 5 per cent. These blades are said to be stronger and less 
liable to fatigue of material. Special bronze and monel metal have also 
been successfully used. These impulse blades are stamped from sheets, 
drop forged or milled from solid bars with or without a wide base to act 
as a distance piece, or are made from extruded metal strips of the desired 
cross-section. Usually these blddes are of crescent section, but some are 
formed of flat strip material and made of constant thickness. over. the 
width of the blade. The separate distance pieces are usually of the same 
material as the blades themselves. In general, all impulse blades are pro- 
vided with shrouds to prevent vibration and also to provide an enclosed 
passageway for the steam at high velocities. As there is no drop in pres- 
sure between the two sides of a row of moving blades, the clearance can 
be made large, both on the end and sides, so that there is little possibility 
of rubbing when in operation. 

Impulse blading is usually held in place in dovetailed grooves or in tee- 
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shaped slots, although some manufacturers form their blades with two legs 
which straddle the discs and are held firmly in place by rivets. 

The first impulse turbines had blading in which the inlet and discharge 
angles were equal. Now almost all builders use blading on which the dis- 
charge side of the blade makes a sharper angle with the axis than the inlet 
side. This does not necessarily mean that-the discharge area of the blades 
is smaller than the inlet area, for the blade is usually lengthened radially 
on the discharge side. Thus both inlet and discharge areas are made equal. 
The sharper angle of discharge reduces slightly the relative velocity of ex- 
haust from the moving blade. On turbines of the Curtis type there is 
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Fic. 7.—Bettiss & Morcom IMPULSE BLADING. 


usually only a small difference between the inlet and outlet angles of the 
first row of moving blades, but on the second row of moving blades in the 
stage, the entrance and exit angles often differ by as much as 15 degrees. 
Some impulse turbine designs are such that there must evidently be some 
such reaction effect in the moving blades as is obtained in Parsons turbines, 
though not. of sufficient amount to cause any noticeable end thrust. _ 
Some recent interesting developments in blading are shown in Figs. 6 
to 8. Brown Boveri’s form of Parsons blading is illustrated in Fig. 6. Bel- 
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liss & Morcom use a unique form of blading on the drum impulse section. 
This blading is shown in Fig. 7. Franco Tosi cuts projections like threads 
in his blade grooves and mills corresponding projections on the base of the 


blades, as in Fig. 8. ‘Thisis'a very satisfactory but expensive form of 
blading. 
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Fic. 8.—Franco Tosi’s Biapinc. ImputseE BLApEs oN LerFr, REACTION 
BLADES ON RIGHT. 


The number of rows of blades in any given type depends entirely on the 
size and speed of the unit, the steam conditions under which the turbine 
will operate and the heat drop per row or stage assumed in the design. 
Each designer selects such conditions as his experience and judgment lead 
him to consider the most satisfactory. It is thus hard to draw any general 
conclusions as to the most desirable number of rows for any class of tur- 
bine. In general, it may be said that the Parsons turbines require from 40 
to 80 sets of moving and stationary blades, the Curtis from 4 to 8 stages, 
the Rateau from 12 to 25 stages, the Zoelly from 8 to 20 stages, while the 
Curtis-Parsons and Curtis-Rateau combinations of course require several 
rows less than the fundamental types. 


NOZZLES. 


The high-pressure nozzles in impulse or combination turbines are made 
of bronze or nickel-steel highly polished inside and placed either in the 
upper end of the casing itself, or, more preferably, in a separate steel cast- 
ing which bolts upon the casing. In the latter construction the casing it- 
self is never subjected to the high temperature or pressure of the entering 
steam. 

The nozzles in the diaphragms between stages are usually made of nickel- 
steel or other special steel, bent to the proper form and cast in place in the 
diaphragm body. Some manufacturers use brass nozzles in place of steel 
made up in sections and riveted or bolted in place. All these passages must 
be smooth and preferably very highly polished to reduce friction losses. 
After the first stage all nozzles have parallel walls on the discharge side. 


BEARINGS AND LUBRICATION. 


Practice varies widely with regard to the design and construction of 
journals and bearings. Builders of impulse turbines invariably use cast- 
iron bearing shells provided with spherical self-aligning pads and lined 

These are being used to an increasing extent on Par- 


with white metal. 
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sons turbines and without exception on all low-speed units. Some manu- 
facturers still retain the original Parsons form of bronze bearing shell with 
concentric rings on the outside, separated from each other by oil films. It 
has been claimed for this type of bearing that the oil films dampen any 
slight variation of the spindle and thus provide a quieter running machine. 
Experience has shown that this is not always the case and that such a bear- 
ing is often a real source of danger when the added clearance of the spin- 
dle due to play between the rings is taken into consideration. This con- 
struction is also much more expensive than the white metal bearings. 

In Europe many turbines are run with a minimum amount of oil and 
with oil leaving the bearings at a temperature of 190 degrees F. This 
practice is based on the argument that such a system of lubrication requires 
the least expenditure of power for oil circulation and in friction losses. 
However, practice seems to be tending towards flooded lubrication, in 
which a great quantity of oil at a temperature of about 100 degrees F. is 
forced through the bearings by a pump of the rotary, centrifugal or gear 
type, driven from the main shaft of the turbine. The oil pressure at the 
bearings varies from 3 to 20 pounds per square inch. The life of the oil is 
much longer in this system than with very hot oil and any wear on the 
bearings themselves is absolutely prevented. Occasionally the bearing shells 
are water-cooled, but this practice should be discouraged. Cooling water 
can be used much more satisfactorily outside of small oil pipes in properly 
designed coolers. In case the water is dirty or full of scale-forming im- 
purities, these can be more readily removed from an oil cooler than from 
the interior of a bearing shell. 

Flooded lubrication has enabled manufacturers to cut down the length 
of their bearings and thus reduce the total length of their turbines. The 
increased pressures per unit area on the bearings have not introduced any 
difficulties, so that pressures of 80 to 100 pounds square inch at a surface 
speed of 60 feet per minute are common practice. The best results are 
usually obtained with a temperature of about 125 degrees F. as the oil 
leaves the bearings. 


SPINDLE CONSTRUCTION. 


Parsons turbines in America are usually built with a hollow quill into 
which the journal ends are forced and fastened by shrink links or bolts. 
The high-pressure blading is placed in grooves in one end of the quill it- 
self. The intermediate and low-pressure blades are usually carried on 
cast or forged-steel rings which are afterwards forced and keyed upon 
the central quill. In Europe excellent hollow steel forgings can be ob- 
tained very readily, and hence the spindles of Parsons and other drum- 
type turbines are usually made up of one forging with the journal shafts 
fastened into the ends. 

The shafts of impulse turbines are usually in one piece and carry the 
blade discs, which are high-grade steel or nickel-steel forgings or cast- 
ings. These discs are fitted and keyed on the shaft and held in place by 
shrink links or lock nuts. 

It is quite general practice now to design the shafts so that the normal 
speed of the turbine will be very considerably below the critical speed due 
to any slight unbalancing of the mass that may be present. This removes 
the dangerous vibrations often experienced when passing through critical 
speeds and permits closer clearances to be used on Parsons blading and in 
hg aren passages in the diaphragms between the stages of imipulse 
turbines. 


PACKING GLANDS. 


A small impeller supplied with water is provided on all American- 
built Parsons turbines to form an air seal at the shaft glands. European 
builders prefer to use labyrinth packings with live or throttled steam as an 
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air seal. The objection raised by foreign builders to the water packing is 
that it takes too much power to drive the impeller, and that it provides a 
condensing surface for the steam. The amount of water required in a 
well-designed gland is very small, and there is no great circulation. Thus 
the water can have only a small effect as a condensing medium. Usually 
the steam directly inside the casing is under vacuum and then condensa- 
tion would not be objectionable. It requires considerable steam to pack 
the labyrinth type of gland, and this loss often exceeds that due to the 
power required to drive the water impellers. 

Impulse turbines use carbon rings at the high-pressure gland, especially 
when superheated steam is used. The leakage past the first rings is car- 
ried through a passage and pipe to the low-pressure glands to act as a 
vacuum seal. The labyrinth packing in the diaphragms is usually of 
bronze in the high-pressure stages and frequently of white metal in the 
low-pressure section. The low-pressure shaft glands are made either with 
carbon or labyrinth packing, sealed by steam. 


THRUST BEARINGS. 


Thrust bearings are now provided on all types of turbines. These serve 
to adjust the position of the spindle and to take up any end thrust present. 
The end thrust in well designed turbines is usually of small amount and 
seldom causes trouble. These bearings are usually flooded with oil and are 
often made with bronze rings which can easily be replaced in case of 
damage. 

Several builders of Curtis-Parsons turbines have substituted an oil thrust 
piston for the steam balance piston of the usual form. This piston is 
placed on the governor end of the shaft outside of the casing proper. The 
thrust is taken up by oil which is supplied under pressure and which can 
escape only through sets of labyrinth baffles on the piston and on the sur- 
rounding chamber. The piston adjusts itself for the amount of thrust 
present by a small axial movement of the shaft, thus opening or closing 
the discharge area for the oil through the labyrinth baffles, and automatic- 
ally varies the oil pressure on the face of the piston. This arrangement 
does. away with the loss of steam through balance pistons and should im- 
prove the turbine efficiency, though a small amount of power is required to 
pump the oil. 

GOVERNING DEVICES. 


The speed of Parsons turbines is usually controlled by a centrifugal gov- 
ernor of the Hartung or similar type which regulates the position of a 
balanced poppet valve through the medium of_a steam or oil relay. The 
latter type is coming into more general use on account of its many ad- 
vantages over the steam relay. The steam is throttled either at constant 
pressure or by a pulsating action. 

Impulse turbines and turbines employing a Curtis high-pressure ring 
usually govern by means of Hartung type governors and oil relays. The 
speed is sometimes controlled by simple throttling of the steam, which 
practice is common in Europe. In this case, additional nozzles can be 
opened or closed by hand as required. This system would be unsuitable 
with violently fluctuating loads. Other types employ both throttling and 
automatic nozzle regulation, while, again, many turbines, particularly of 
the Curtis type, are built for nozzle governing alone. In Europe there is 
a difference of opinion as to the most economical method of governing. 
M. H. Zoelly claims that he gets the best results on his type of turbine by 
throttle governing. It is generally admitted, however, that impulse tur- 
bines give the best results by controlling the number of nozzles that are 
open at any load. With such control the pressure before the nozzles in 
service is always the normal pressure for which these are designed. The 
General Electric Company govern their turbines above 300 kw. by means 
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of an oil-relay system which operates through a piston and camshaft to 
open or close nozzles as required by load conditions. 

The Westinghouse Machine Company use a vibrating oil- relay system on 
many of their machines. Recently they have adopted on some sizes a very 
powerful governor which is direct-connected to the governing valve and 
operates it without the use of relays. This system was adopted by some of 
the early European builders, but was abandoned in favor of the oil-relay 
system. 

Sulzers have recently installed turbines in which the conventional cen- 
trifugal force governor has been replaced by a hydraulic governor. This 
governor consists of a simple centrifugal pump, geared to the main shaft 
and delivering oil under pressure into a chamber beneath a spring-loaded 
piston. The pressure under this piston is thus dependent on the speed of 
the main turbine and the piston’s position in its cylinder will vary accord- 
ingly. The piston is connected to the usual balanced valve of an oil relay 
which controls the oil supply from the main oil pump to the throttle valve 
in the usual manner. There are no mechanical parts to wear in this ar- 
rangement. The apparatus is extremely simple and has many distinct 
advantages. 

All turbines are now provided with a small overspeed governor, usually 
placed at the outside end of the shaft. This operates at a determined per- 
centage over speed and closes the main or secondary steam valve either by 
means of a steam or oil relay or by a falling weight through a system of 
levers and springs. The oil-relay system has the advantage that the valve 
shuts immediately should the oil supply fail for any reason. 

Parsons turbines are usually provided with a secondary over-load valve 
which automatically admits live steam to the second diameter of blades. 
Impulse turbines have additional sets of nozzles with valves which may be 
opened automatically, or by hand in case of overloads. 


CASINGS. 


Practice varies widely in regard to the construction of turbine casings. 
These are generally made of cast iron, though some European builders 
make the high-pressure front end of cast steel. Parsons turbines are built 
with the top and bottom halves single castings or made in sections. Some 
of the older designs of impulse turbines fised solid diaphragm plates placed 
on the shaft between the discs. The clumsiness of handling and the diffi- 
culty of making repairs with this construction has forced most builders to 
make these in halves and to fasten them to the top and bottom portions of 
the casing. 

Cylinder casings are now made of symmetrical design and without any 
deep metal webs or ribs as stiffeners on the outside. Equalizing pipes with 
provision for expansion take the place of passages formerly cast in the 
casings themselves. Strains due to unequal temperatures must be avoided 
in all portions. 


BED PLATES. 


Several European builders make a practice of filling the hollow portions 
of their turbine and generator bed plates with concrete after erection. This 
adds more mass to the turbine unit and is said to dampen any slight vibra- 
tion that may be present. 


TURBO-GENERATORS. 


A discussion of the design of turbo-generators is beyond the limits of 
this paper. In general, European builders of electrical machinery allow 
less overload capacity than is usual on American machines, but give bet- 
ter guarantees of efficiency and regulation. 

Practice varies widely in regard to the normal rating and maximum 
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754 NOTES. 


capacities of different turbines. Some European builders guarantee their 
generators to carry normal full load without undue heating only for two 
to six hours. Others follow the practice which has been introduced in 
America of rating their turbines at the maximum load they will carry con- 
tinuously. Several builders still offer turbines which will carry as high as 
25 per cent. overload continuously. 


COMMERCIAL CONSIDERATIONS. 


Each turbine is designed to operate at maximum efficiency at some given 
vacuum. Owing to uncertainties in design factors for losses and to slight 
inaccuracies in construction, the most efficient vacuum may vary somewhat 
from that for which the turbine was designed. Theoretically, the steam 
consumption should decrease as the vacuum increases, but this rate of de- 
crease will vary for each type of turbine, depending on the blade areas and 
steam velocities of the low-pressure section. It is, therefore, essential that 
this rate of change be determined for each individual turbine by actual test. 

In Table 1 some data are presented in tabulated form regarding various 
types of steam turbines. This information was gathered during personal 
visits to the various works and also by correspondence. Designs of steam 
turbine details are constantly changing, so that many of the items in this 
table may not correctly represent the latest practice of the various builders. 


RESULT OF TESTS. 


If the steam could expand freely to exhaust pressure in a turbine with- 
out radiation, friction, eddy or windage losses, its expansion would be 
adiabatic and on the Rankine cycle. The “ efficiency ratio” expresses the 
proportion of the heat actually turned into work to that available from 
such an adiabatic expansion. In other words, it expresses the efficiency of 
the actual turbine as compared to the ideal turbine, and is independent of 
the type of turbine. 

The B.T.U. per kw.-hour is figured above the heat of the liquid at ex- 
haust pressure. This is not a satisfactory standard by which to compare 
results, for it is largely dependent on conditions beyond the control of the 
turbine builder. For instance, if the plant does not contain superheaters, 
the B.T.U. per kw.-hour will be high. The same will be true of a plant 
which has a warm cooling-water supply for condensers and consequently 
carries low vacuum. Yet the turbines may be designed to give a high 
efficiency ratio under these conditions. In fact, they may be able to 
utilize the heat available more efficiently than the turbines in another 
plant with both high superheat and high vacuum. 

This can be seen in Pable 2, in which recent turbine tests have been 
tabulated. The Brown-Boveri turbine at the Dunstan power plant uses 
14,980 B.T.U. per kw-hour with an efficiency ratio of 68.8 per cent. Yet 
the Westinghouse City Electric with a lower steam pressure, lower super- 
heat and lower vacuum, has an efficiency ratio of 68.9 per cent., though 
using 16,925 B.T.U. per kw-hour. The Erste Briinner Vienna turbine 
requires 16,460 B.T.U. per kw-hour with 71.8 per cent. efficiency ratio. 
It is therefore apparent that the efficiency ratio alone will express in the 
best manner the degree to which the designer has approached ideal results 
in his turbine. 

The test results in Table 2 were grouped in order to analyze the relative 
merits of the different types of turbines on the basis of efficiency ratios. 
The Curtis-Parsons machines built by Erste Briinner hold first place in 
the list, but are followed closely by others of the same type built by 
Brown Boveri and Westinghouse Machine Company. The Parsons tur- 
bines built by Allis-Chalmers and Brown Boveri also show high efficiencies. 
The second class in the order of efficiency includes turbines of the Curtis- 
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Rateau and Curtis-Zoelly types, among which the turbines of the A. E. G. 
and British Westinghouse Company show remarkably good results. The 
next group includes simple Zoelly and Rateau turbines. The last group 
comprises straight Curtis types. 

The superiority of the Curtis-Parsons over the Parsons type is probably 
due to the reduction in the fluid friction and rotational losses occurring 
in the first cylinder of the Parsons by the use of a Curtis stage in this 
section. 

The Parsons low-pressure sections evidently utilize the heat in the 
steam only slightly more efficiently than. do the impulse turbines. The 
great surface areas of all disc-type turbines which must be whirled in 
steam, produces losses which are apparently somewhat larger than the com- 
bined whirling losses and leakage in the Parsons drum turbines, Both the 
Zoelly ‘and Curtis-Rateau types appear to use the steam more effectively 
in the low-pressure -sections than the Curtis alone.. Many. European 
engineers hold the opinion that where high economy. is to be obtained, 
the impulse turbine of the Rateau or Zoelly type is superior to the Curtis, 
though its manufacturing costs are higher. The Curtis-Rateau. construc- 
tion has all the commendable features of impulse turbines and has proved 
very. economical. 

The results shown in Table 2 are from the best reliable tests that have 
been made on each type. Objection may be raised that these results do 
not represent actual operating conditions as under varying loads, nor the 
average economy of any type of turbine. For instance, the Curtis turbine 
usually gives a very flat water-rate curve, while the Parsons type is more 
convex. On the other hand, recent tests on the new Curtis-Parsons types 
have also shown flat water-rate curves at various loads. It was impossible 
to compare the various types from this standpoint on account of absence 
of complete data of such tests. 

It is interesting to note in Table 2 that the best results have been ob- 
tained within the past two years and that these show a considerable 
increase in efficiency over the earlier turbines. 


LOW AND MIXED-PRESSURE TURBINES. 


Many low-pressure turbines. have been erected since 1904 and have 
shown very economical results.. In some installations it is usual to provide 
for operation on high-pressure steam when the supply of exhaust steam 
is insufficient to meet the power demand. Hence, the mixed-pressure 
turbine has been developed. In Europe a Curtis stage is added at the inlet 
and the live steam passed through this before entering the low-pressure 
section. The whole of the heat content of the live steam can be effectively 
utilized by this method. Bleeder turbines are also being built, in which, 
after partial expansion to some fixed pressure, a portion of the steam is 
withdrawn from the casing for heating or industrial purposes. 

Low-pressure turbines are frequently installed to use the exhaust steam 
of reciprocating engines without regenerators. In this case the generators 
are sometimes tied together electrically and the turbines are only fitted 
with an overspeed governor. Such turbines. are usually installed in 
stationary work, only when the reciprocating engines are already in 
service. The high-pressure turbine in a new plant requires less floor 
space, has less complicated machinery, is cheaper in first cost and in 
maintenance, and approaches, if it does not equal, the economy to be 
derived from -the combination unit. in every-day service. Nevertheless, 
there have’ been a number of combined engine and turbine plants recently 
installed ‘in England which have proved-very satisfactory. 

It is probable that low-pressure turbines will be installed in the near 
future in large gas-engine stations to utilize the waste heat in the gas- 
engine exhausts. 
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TURBO-COM PRESSORS. 


Turbo-compressors have some decided advantages over reciprocating 
compressors, such as smaller floor space, absence of inlet and discharge 
valves, low cost of upkeep and no internal lubrication. They are being 
manufactured quite extensively in Europe and have been introduced in 
America by the General Electric Company. 

Turbo-compressors- are built either with curyed or radial impeller 
blades which discharge the air into smooth expanding diffusor channels 
to convert the velocity energy of the current into pressure. Usually 
guides are provided to direct the air into the entrance of the next stage 
without eddies. All passages are made as smooth as possible with no 
abrupt bends or turns, and all walls are water-cooled, The air is pre- 
vented from leaking back from stage to stage by labyrinth packings such 
as are used in impulse turbines. 

European builders have installed turbines to deliver air at as high 
pressures as 130 pounds per square inch gage and are prepared to furnish 
them up to 180 pounds discharge pressure. 

Turbo-blowers have also been built to deliver large volumes of air at 
low pressure, such as are required in furnace work. These units have no 
water-cooled jackets. The first difficult problem encountered in the con- 
struction of turbo-blowers or compressors was the provision of a suitable 
governing device for the unit. However, several ingenious and _ satis- 
factory arrangements have recently been developed and it is probable that 
this difficulty will soon be oyercome completely. 

The efficiency of turbo-compressors with water-cooling is defined as the 
ratio of the power required to compress the given quantity of gas iso- 
thermally to the power consumed at the compressor coupling in the actual 
compression. This efficiency in well designed units with discharge pres- 
sures between 60 and 150 pounds should fall within the limits of 60 and 
70 per cent. The best results noted up to the present time were obtained 
on a turbo-compressor built by Pokorny and Wittekind for the Victoria 
Falls Power Company in South Africa, which on official test showed an 
efficiency of 67.7 per cent. 

When there is no. water-cooling provided, the efficiency of a turbo- 
blower is expressed as the ratio of the power required to compress the 
given quantity of air adiabatically to the power actually, expended at the 
compressor coupling. This efficiency, depending on the size of the blower, 
should fall between 70 and 80 per cent. as a maximum. An efficiency of 
78 per cent. has been obtained on official tests of a Rateau turbo-blower 
built by Kuhnle, Kopp and Kausch and is probably the best result obtained 
up to the present time on this type of compressor. 

It can thus be seen that in so far as efficiency is concerned, the turbo- 
compressor is equal to the average reciprocating compressor. It seems 
probable that turbo-compressors and blowers will be used to an increasing 
extent, largely on account of their low first cost and operating costs as 
compared with steam reciprocating units. 

The high thermal efficiency of the gas-driven blowing engine exceeds 
that possible in a turbo-compressor unit, so that the former will continue 
to be used in blast-furnace work. 


TURLO-DRIVEN PUMPS. 


The steam turbine is an ideal source of power to drive centrifugal 
pumps, especially when it is necessary to lift against high heads. Hence 
it has been installed in several places for city fire service, using lake or 
river water in high-pressure mains. The efficiency of such centrifugal 
pumps usually ranges from 65 to 80 per cent., so that, in spite of the high 
efficiency of the turbine itself, the combined set will not give as good 
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economy as a high-grade reciprocating pumping engine. However, its 
first cost is low, it requires no internal lubrication, takes up very little 
floor space, and has no valves to require examination or renewals. 


GEARED TURBINES. 


Attempts have been made to adopt steam turbines for direct connection 
to continuous-current generators and other slow-speed machinery. 
steam turbine to be economical must be a high-speed machine, and hence 
its use with slow-speed machinery has not proved entirely satisfactory. 
Dr. De Laval adopted spur gearing as a means of reducing speeds on his 
first simple impulse turbines, and builders of this type still use this 
construction. It is only within the last few years that attempts have 
been made to apply gearing as a means of speed reduction on other types 
of turbines. The Westinghouse Machine Company are now manufactur- 
ing direct-current turbo-generators with the Melville-MacAlpine reduction 
gearing between turbine and generator. This gear is also being built for 
use in marine work to drive slow-speed propellers. The gear wheels in 
this construction are carried on a floating frame so that the teeth may 
he always in correct alignment. One set of such gearing showed under 
test an efficiency of 98.5 per cent. 

C. A. Parsons & Co. have built several notable reduction gears for 
steam turbines, in which the floating-frame idea was omitted. A mixed- 
pressure steam turbine of 750 B.H.P. is now in use driving a three-high 
set of rolls through gearing at the Calderbank Steel Works near Glas- 
gow, Scotland. A flywheel is placed on the same shaft as the driven 
gear and thus takes the shock off the turbine when a billet enters the rolls. 
In 1909 the Parsons Marine Steam Turbine Company installed a geared 
turbine of 1,000 H.P. in the S. S. Vespasian of 4,000 tons. Extensive 
experiments were carried out and it was found that the efficiency of this 
gearing, which had no floating frame, ranged between 98 and’ 99 per cent. 
After a year’s operation, in which the ship covered 20,000 miles, tests were 
again made on the gearing with equally good results. On examination 
no appreciable signs of wear could be noted on the gear teeth, which were 
made of mild chrome-nickel-steel and were flooded with oil. 

It is perfectly feasible to adapt the steam turbine through gearing to 
belt and rope drives when these are required in large powers. Under 
certain conditions, where fuel costs are high and water for condensation 
is plentiful, such an installation would prove an economical investment 
in place of reciprocating engines. The direct turbine drive would then 
come into competition with the motor drive. The losses in line shafting 
can be greatly reduced by the use of ball or roller bearings so that the 
turbine drive may prove very economical in some instances as compared 
with individual motor drives. 

The use of geared turbines in large sizes has’ been in the nature of an 
experiment until quite recently. Judging from the results obtained in 
recent installations, their- commercial success seems now assured. In the 
design of these units the tendency will be to simplify details. The suc- 
cess of the Parsons gears on the S. S. Vespasian should encourage de- 
signers to do away with any special devices to secure alignment and to 
provide simply accurately cut gears properly meshed and running in a 
flood of oil. 

MARINE TURBINES, 


All the standard types of turbines have now been adopted for marine 
service in driving screw propellers, either direct-connected or through 
gearing. The design of direct-connected turbines is complicated by the 
fact that the speed of screw propellers must nécessarily be low as com- 
pared with the most favorable speeds for economical steam-turbine opera- 
tion. Hence these turbines require large spindle diameters and massive 
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construction and yield correspondingly poor steam economies, especially 
at slow speeds. These units are usually built with the power divided 
between two or more shafts connected to high and low-pressure cylinders. 
With geared equipments the turbines can be operated at their most efficient 
speeds, while the gears can be so designed that the propeller also runs at 
its most economical speed. 

Reversing is made possible by suitable blading in the low-pressure ends 
of the main units into which live steam is admitted when desired. When 
the turbine is running forward, this blading revolves in. vacuum and con- 
sumes but little power. 

Combined types of turbines are also being introduced in marine installa- 
tions. A recent Curtis design includes a drum impulse section. M. 
Zoelly now uses Curtis stages in his high-pressure section, but with steam 
velocities not exceeding 1,300 feet per second, obtained by converging 
nozzles only, and drum impulse construction on the low-pressure ends. 
Several other, European builders have also used Curtis stages in the 
high-pressure portion. 

Reciprocating engines. exhausting into low-pressure turbines have been 
installed in several ships, the most notable of which is the Olympic, and 
have shown very. satisfactory results, In this case the engines are used 
for reversing. ; 

Many schemes have been proposed to install turbo-generators of central- 
station type on shipboard and to operate the propeller shafts by means of 
large slow-speed induction motors. Marine engineers object to this arrange- 
ment on account of the dangers accompanying the use of such electrical 
machinery and auxiliaries in marine service. This objection seems to be 
due largely to inexperience with electrical machinery, as the essential 
conditions of operation in marine work do not differ greatly from those 
under which many electrical machines operate satisfactorily in land 
practice. 

Turbo-driven lighting sets and other auxiliaries are being used in in- 
creasing numbers on shipboard, owing. largely to the high efficiencies 
which may be obtained, to the small floor space required, and to. the 
light weight of the units. 

Recent orders for turbine-driven steamships abroad include some. in- 
teresting equipments. The Canadian. Pacific Railway has ordered two 
boats ‘with four screws and with Parsons turbines. The two outside 
screws will have high and intermediate-pressure turbines respectively, 
while the two center screws will be connected to low-pressure turbines. 
Two twin-screw passenger boats of 5,000 H.P. with Parsons turbines 
have been ordered for the Southampton-Havre service. Each set consists 
of a high-pressure and a low-pressure turbine geared individually to its 
own propeller shaft. The British Government has ordered two twin- 
screw destroyers also to use Parsons geared turbines, totalling 14,000 H.P. 
per ship, or 7,000 H.P. per gear. The United States Government has 
placed an order with the Westinghouse Machine Company for a gear 
equipment on one of its colliers. 

Geared turbine equipments are thus making rapid headway on account 
of the high efficiency of the combination and the resultant favorable steam 
consumption obtained. 

At the present time about 90 per cent. of the marine turbines built hove 
been of the Parsons type. Here again the inefficiency of the Parsons 
high-pressure sections has become apparent, so that, it is probable that a 
construction similar to Zoelly’s high- -pressure end will be introduced in 
this section. Sir Charles A. Parsons is quoted as saying: “In the low- 
pressure blades of the Mauretania the leakage was practically nothing 
and their efficiency was about 85 per cent.”” Under such conditions it does 
not seem probable that much higher efficiency can be obtained by use of 
other constructions than the Parsons reaction type in the low-pressure 
section. It is reported that the low-pressure blading of Parsons turbines 
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in ships of the United States Navy has given considerable trouble, and 
also that the turbines need more careful handling when starting up than 
do impulse turbines. 


TREND OF TURBINE DEVELOPMENT. 


The cost of manufacture is a very important item in determining the 
future development of the steam turbine. Types such as the original 
Parsons and the Rateau, while inherently of very high efficiency, have 
too high manufacturing costs to compete with the newer combined types. 

The writer offers as his opinion that the combined types, such as the 
Curtis-Parsons, the Curtis-Rateau and also the Curtis-Rateau-Parsons, 
previously described, will very soon supersede the simple types. It is 
probable that the Curtis turbine will eventually be built only in horizontal 
units and will gradually be modified to a Rateau or even a drum impulse 
construction in the low-pressure sections. The freedom from close ad- 
justment in impulse turbines and the recent improvements in blading 
materials will greatly increase the use of this type, although Curtis- 
Parsons turbines are said to be cheaper to manufacture. In actual opera- 
tion, it is an open question among engineers whether the reaction turbine 
has a higher commercial efficiency than the impulse type, and hence buyers 
usually consider first cost and personal preference only. 

Turbines will probably be made shorter with very stiff shafts. With 
this construction many of the earlier blading troubles will disappear. But 
the peripheral speeds will also be increased and this will involve the 
development of suitable blading material and methods of holding blades 
that will satisfy these new requirements. Recent results seem to indicate 
that improved efficiency may be looked for with increased blade speeds. 

Several impulse turbines have been built recently in Europe where the 
expansion was not complete in the nozzle, so that a portion of the expan- 
sion took place in the first moving blades. Some large Curtis turbines 
recently installed in America are said to have Parsons blading in the last 
stage. These developments would indicate a movement to introduce reac- 
tion principles in impulse turbines, and further illustrate the tendency to 
merge types. 

The hope of further improvement in efficiency lies in extensive study, 
particularly of the action of the steam during its passage through the 
moving and stationary blades, of the effect of form of blades, passages 
and casings and of various forms of baffles and balance pistons to prevent 
leakage. Such research work has not been carried out up to the present 
time by most manufacturers, largely on account of the extreme care and 
heavy expense involved in such tests. The present state of development 
has been largely one of cut and try. The increasing competition of the 
gas engine and the possible development of a satisfactory gas turbine will 
force manufacturers to develop their turbines to the greatest degree of 
economy. 

With regard to detail, simplicity will be the leading consideration. 
With the introduction of Curtis high-pressure stages, nozzle governing 
will undoubtedly be used to an increasing extent, though the results ob- 
tained by Westinghouse, by Zoelly, and by Bergmann with simple throt- 
tling governors, raise a question as to whether the additional complication 
of nozzle governing will pay. Oil relays will probably replace all other 
systems of governing on account of their simplicity and reliability. The 
simple and efficient centrifugal oil-pump governor of Sulzer appears to 
be an improvement of considerable moment, and will probably receive 
extensive use. 

With the development of suitable gearing for steam turbines, their 
field of application has been greatly increased and turbines will shortly 
be used for purposes which engineers today would consider them utterly 
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unfit. ' ‘Ijow-pressure turbines will continue to be installed in plants 
where: reciprocating engines are still in operation and also where large 
quantities of waste heat are available. The low and mixed-pressure types 
of turbines will find a very extended use in connection with heating sys- 
tems, evaporators, etc. 

The development of the past ten years has been truly marvellous. No 
great gain in thermal efficiency seems possible, so that future improve- 


ments will be largely along the line of detail construction and modifica- 
tion. 
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UNITED STATES. 


OUR LATEST BATTLESHIPS, THE NEVADA AND ORGAHOMA. 
Tue Most PowERFULLY ProrecteD SHips YET DESIGNED, 


The Navy, has every reason to, be pleased with the design of our latest 
battleships, the Nevada and. Oklahoma, contracts for the construction of 
which have-recently been let to-the Fore River and the New York ship- 
building companies. These ships represent, to a greater degree than 
any Of their predecessors, the united experienceand thought of: the 
various branches.of the naval service; andthe officers’ of both line and 
staff unite if-the belief that these two ships are the most powerful vessels 
afloat or under construction today. The armor plan’ is particularly effec- 
tive and decidedly original, and in a comparison with previous*vessels it 
will be noted that there are some very radical departures from existing 
practice. 

The Nevada: and Oklahoma_are 500 tons larger than their immediate 
predecessors, the New York and Texas.’ The principal dimensions are: 
Length over all, 583 feet; beam, 95 feet 254 inches; mean draught, 28 feet 
6 inches. On this draught the\displacement will bé- 27/500" tons. The 
Nevada will be driven by Curtis turbines and the Oklahoma by reciprocat- 
ing engines. The boilers in both ships will be fired exclusively with oil, 
and they will carry no coal. The estimated speedsig~20}4 knots” 

The armament will consist of ten 14-inch guns, carried in four turrets, 
disposed as follows: On the forecastle deck will be first a threé-gun 
turret, then a two-gun turret. On the quarter deck will bea two#gun 
turret andiastern of that a three-gun turret. This arfangement will give 
a concentration. of fire superior to that obtainable from the ten 14-inch 
guns of the New York and Texas, which will be mounted in five two- 
gun turrets. ! 

The new 44-inch, 45-caliber gun is a far more powerful weapon than the 
45-caliber, 12-inch (gun, mounted on the Delawafe and North Dakota. 
The muzzle energy of the 12-inch piece is about 49,000 foot tons, whereas 
that of the 14-inch piece is about 66,000 foot tons. Moreover, its shell, 
which weighs 1,400 pounds as compared with the 870-pound weight of the 
12-inch, carries a much larger bursting ‘charge of high explosive and, 
therefore;.-will..be proportionately more destructive... 

The principal, interest of the new ships lies in their great defetisive 
power. Not only will they carry a much greater weight of armor than 
has been carried, or is to be carried, by any ship built or building, but 
the armor will be disposed to greater advantage: The chief duty of a 
warship is to maintain her stability and her mobility, and at all times 
present a completely-protected emplacement for her guns. In_ other 
words, she must not only carry her guns into the fight but she must nurse 
them through all its savage hammering, so effectually that they shall be 
able to pour shell into the enemy until they have silenced or sent him 
to the bottom. 
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So let us see how these conditions have been met in our new ships. 
Taking the North Dakota, for instance, as a basis of comparison, we find 
that the armor protection has been entirely removed from the secondary 
battery of 5-inch guns—a wise step, which might well have been taken 
several years ago. For it is a fact that the 5,6 or 7 inches of armor with 
which the secondary batteries of warships of today are protected, will 
simply serve as a shell burster, delaying the high-explosive 14-inch shells 
long enough to cause the little firing hammer within the shells to leap 
forward and detonate the high explosive, the burst taking place after the 
shell has passed through the armor and is well within the body of the 
ship. So the torpedo-defense guns will have nothing in front of them 
except the ordinary 14-inch or %-inch plating of the ship’s side, which may 
very well allow the shells to pass through without bursting among the 
gun crews crowded about the guns. 

The most important armor on a ship is undoubtedly the belt armor upon 
the hull itself; for to this is committed the duty of keeping the ship 
afloat and preventing projectiles from striking a vital blow in the maga- 
zine, boiler rooms or engine rooms. In the new ships the belt will be, 
1714 feet in width and, at mean draught, it will extend from 9 feet above 
to 8 feet 6 inches below the water. It will have the unprecedented thick- 
ness of 13% inches, which it will maintain from its upper edge down to 
within a few feet of its bottom, where it will begin to taper to a mini- 
mum width at the bottom of 8 inches. Very rarely, if ever, will the bot- 
tom edge of this deep belt be rolled out of water, exposing the thin plat- 
ing below. This belt will extend for over 400 feet along each side of the 
ship. It will terminate well forward of No. 1 barbette, where it will be 
carried, with the same depth and thickness, entirely across the ship. At 
its after end the belt armor will be carried at its full depth of 17% feet to 
a point about 30 feet aft of No. 4 barbette. Here there will be a jog, the 
depth of the belt decreasing from 17% feet to 8% feet, at which depth it 
will be continued aft for another 60 féet. Transverse bulkheads of the 
same thickness as the belt will here be carried across the ship. 

An important feature of the side armor is the manner in which the 
plating will be laid on the ship. Hitherto the armor has heen placed 
horizontally, in two strips, with a continuous horizontal joint, located 
slightly above the water line, between the upper and lower strip. This 
had the disadvantage that it presented a continuous line of cleavage, near 
the water line, and, therefore, at a most vulnerable point. In the new 
‘ ships the armor plates are laid vertically, the joints being vertical and the 
plating extending the whole depth of the belt without any continuous joint 
at the water line. This is a most important improvement which will add 
greatly to the protective power of the side armor. Associated with the 
heavy belt in the work of protecting the ship’s stability are two protec- 
tive decks—a lower deck 114 inches thick on the flat’ which will slope 
along the sides to a junction with the bottom of the armor plate 8% 
feet below the water line. The slopes of this deck are 2 inches in thick- 
ness. On the deck above (the gun deck) is an upper protective deck, 3 
inches in thickness. These two decks provide an excellent protection 
against plunging fire, and also against fragments of shells which might 
be exploded in passing through the thin ship’s plating in the wake of 
the gun deck. 

Equally massive is the armor protection for the main gun positions. 
The barbette armor extends, with a thickness of 13 inches, from the tur- 
ret down to the upper protective deck, and from the upper to the lower 
protective deck the thickness is reduced to 4% inches—this because of 
the 13-inch protection afforded by the side armor. The turret armor is 
equally massive. The port plate is 16 inches on the two-gun turrets and 
18 inches on the three-gun turrets, and the side and rear armor is 10 and 
9 inches in thickness, while the roof carries 5 inches of armor. 
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The battle of the Sea of Japan showed how important it is to thor- 
oughly protect the positions from which the fighting of the ship is con- 
trolled, and particular attention has been given to this in our new design. 
The conning tower and the signal station back of it each carry no less 
than 16 inches of armor, and to protect the communications—telegraph 
and telephone wires, voice tubes, etc.—the section upon which conning 
tower and signal station are supported has walls of 16-inch armor, which 
are carried down to the protective decks. 

It will be noticed that the new ships have but one smokestack—and 
thereby hangs a tale. The new ships, as already stated, will burn fuel oil 
exclusively. This has enabled the designer to dispense entirely with coal 
bunkers—the oil being carried chiefly in the douhle bottom of the ship, 
The omission of bunkers sets free a large amount of space below decks, 
which has enabled the designer to concentrate all of the six boiler com- 
partments at the center of the ship, where they occupy only 65 feet of 
her length. Hence, it was possible to use a single smokestack, placed im- 
mediately above the boiler rooms, and hence, again—and this is the im- 
portant point—it was found possible to place around the whole of the 
‘uptakes a massive redoubt of inclined armor with walls everywhere 13 
inches in thickness. This redoubt extends from the upper protective deck 
to the spar deck, and that portion of the smokestack and uptakes which is 
within the structure of the ship will be completely protected against per- 
foration. The importance of this construction will be appreciated, when 
we bear in mind that, in the Japanese war, it was the perforation of the 
uptakes which contributed largely to the collapse of the Russian ships. 
The poisonous gases, escaping between decks, were drawn down and 
disseminated throughout the ship, frequently driving the crew from their 
quarters. 

From the above description it will be evident that in the Nevada and 
Oklahoma the United States Navy will possess two fighting ships which 
will be the equal, if not superior, to any ships in their gun power and 
which will be greatly superior in their power of endurance in a long- 
drawn-out fight. If Congress will only be wise enough to add year by year 
the two battleships which represent the minimum requirement of our Navy, 
we shall be in a position to maintain our standing among the navies of the 
world. If less than two battleships a year be authorized, our Navy will 
steadily retrograde.—“ Scientific American.” 


ENGLAND, 


H. M. TORPEDO-BOAT DESTROYER ARCHER. 


The Archer has a length of 240 feet, a beam of 25 feet 7 inches, and a 
total weight of hull of 325 tons. With a draught of 8 feet the displace- 
ment tonnage is about 785 tons. She is fitted with Yarrow boilers with 
superheaters in the uptakes. On the full-speed trial of the Archer in Jan- 
uary, 1912, the degree of superheat of the turbines was 94 degrees F. The 
turbines developed slightly over 18,500 shaft horsepower, and. the mean 
speed upon the eight hours’ continuous trials was 30.3 knots. Oil alone 
is used in the boilers, and at full speed the consumption was at the rate 
of 1 pound per shaft horsepower per hour, while at the cruising speed of 
13 knots the consumption was 17,4 tons per 24 hours, giving a radius of 
action of 3,040 nautical miles—a very satisfactory result. The Archer is 


built to maintain a high speed against heavy seas, having a high forecastle. 
She is fitted with two 4-inch breech-loading guns and two 12-pounder 12- 
ewt. quick-firing guns. 
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STEAM TRIALS OF .H.M.S. THUNDERER. 


The battleship Thunderer has successfully passed all her steam trials, 
and will return to the Thames to be completed for commission. This 
vessel was built by the Thames Iron Works and Shipbuilding Company, 
the first keel plate having been laid on April 13, 1910, and the vessel 
launched on February 1, 1911. The date for completion is May next. 
The Thunderer is a battleship with a displacement tonnage of 22,500 tons, 
the length being 545 feet, and the beam 88! feet. She is armed with ten 
13.5-inch and twenty-four 4-inch guns, the gun positions being protected 
by 10-inch armor. The main broadside belt is 12 inches thick, tapering 
forward and aft to 4 inches, while the upper part on the broadside is pro- 
tected with 9-inch armor. The boilers are of the Babcock & Wilcox 
type, and the turbines of the Parsons design. 

The first official trial consisted of a thirty hours’ run at about 70 per 
cent. of the full designed power. During part of the time, as is usual with 
such ships, the engines worked with open and closed exhaust, separate 
results being taken in connection with the design of machinery for future 
ships. The mean result of the thirty hours’ run was that the machinery 
developed 18,927 shaft horsepower, while the average revolutions were 
265 per minute. Six runs were made on the measured mile at Polperro, 
when, with a mean of 17,787 shaft horsepower, a speed of 18.8 knots was 
realized. 

Throughout the eight hours’ trial at full power the engines ran at an 
average of 299 revolutions per minute, the mean power developed being 
27,416 shaft horsepower, while the coal consumption was 1.78 pounds 
per shaft horsepower per hour. On this run also the ship made six runs 
over the measured mile, the mean results being: Revolutions, 300; shaft 
horsepower, 27,426; and speed, 20.8 knots. The machinery throughout 
worked satisfactorily —“ Engineering.” 


FRANCE. 


TRIALS OF THE FRENCH ARMORED CRUISER WALDECK 
ROUSSEAU. 


This vessel is 515 feet 10 inches long, and has a beam of 70 feet 7 
inches and a draught of 27 feet 4 inches. Her displacement is 14,158 tons. 
She is fitted with three sets of triple-expansion engines having a high- 
pressure cylinder 46% inches in diameter, an intermediate-pressure cylinder 
of 68 inches, and two low-pressure cylinders of 78 inches, the stroke in 
all cases being 41 1/3 inches. There are forty-two Niclausse water-tube 
boilers. The combined grate area is 2,669 square feet, and the total heat- 
ing surface 94,473 square feet. The normal working pressure is 17 kilo- 
grammes per square centimeter—say, 242 pounds per square inch. 


10 Hours’ Full-Speed Trial. 


Indicated horsepower, mean... .........cccccccecccececes 36,110 
Average speed. knots 
Number of revolutions, mean per minute 
Consumption of coal per square foot of grate area, pounds. 28.47 
Consumption of coal per I.H.P. per hour, pounds.......... 1.94 

3 Hours’ Full-Speed Trial with Three-quarters of the Boilers. 
Indicated horsepower, mean 





Number of revolutions, mean per minute 
Consumption of.coal per square foot of grate area, pounds. 
Consumption of coal per I.H.P. per hour, pounds, nearly... ¢ 


24 Hours’ Trial with Normal Draft. 


Indicated horsepower, mean 28,300 
Average speed, knots 21.62 
Consumption of coal per square foot of grate area, pounds. 15.52 


Cruising Consumption Trial. 


Indicated horsepower, mean 
Speed, knots 
Coal consumption per I.H.P. per hour, pounds............ 1, 
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’ CAPTAIN THOMAS FREDERICK CARTER. 
By WALTER M. McFARLAND, MEMBER. 


In order that a highly complex organization like the: Navy 
may maintain the splendid reputation for efficiency which it 
has so thoroughly earned, it is requisite that the individual 
officers should all be men of fine character and high profes- 
sional attainments, and a necessary consequence is that the 
great majority can not achieve special distinction, but must 
be content with the knowledge of duty always well done and 
the esteem of their brother officers. What would constitute 
eminence in a less distinguished company here becomes simply 
the warrant for a place on the roll of officers who have always 
maintained the highest traditions of the Service. Such aman 
was my dear old friend and classmate, Captain Carter, and I 
count it a privilege to pay my tribute to his noble character 
and devotion to duty. 

He was a member of one of the early classes of Cadet- 
Engineers and had the benefit of training under those pioneers 
of engineering education, John C. Kafer, Chas. H. Manning, 
David P. Jones, Wm. L. Nicoll, Robert Crawford and others. 
Probably none of us appreciated them at their real worth when 
we were their pupils, but, as the years have passed and some 
of us have taken our turn as instructors in engineering, we 
have learned to know what splendid work they did, almost 
without text books and entirely without precedents in tech- 
nical education. The high reputation of these pupils in the 
engineering world is the best monument to their efficiency as 
teachers. 

Captain Carter’s, whole life was spent in. engineering work, 
ashore and’ afloat, some of it routine and some very interest- 
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ing, including a tour as instructor at the Naval Academy. 
Possibly the most interesting was his work as inspector of 
machinery for the Brooklyn, followed by service on that vessel. 
This included a trip to Europe at the sixtieth anniversary of 
the accession of Queen Victoria in 1897, when the Brooklyn 
attracted great attention; followed the next year by service in 
the War with ‘Spain-and the Battle of Santiago.’ “Here, as 
always, his duty was performed with the highest efficiency. 
Other shore duty covered several tours as inspector of ma- 
terial and one as Chief Engineer of the Pensacola Navy Yard. 

During his last tour of duty, as inspector of material in the 
Pittsburgh district, we were much together ‘and’ often dis- 
cussed his work, so that I had a chance to appreciate his thor- 
ough grasp of the subject, the splendid judgment shown in 
handling delicate situations which arose and his conscientious 
discharge of duty. My acquaintance among the manufac- 
turers whose product he inspected was wide, and they all bore 
testimony to his fairness and helpfulness to them while abso- 
lutely conscientious in maintaining the interests of the Gov- 
ernment. “ He is the best inspector I have ever known,” was 
a common remark. I know of cases where his thorough 
knowledge of manufacture enabled him to point out the cause 
of troubles, so that they might be removed, the product brought 
to a high degree of excellence, and the loss due to rejections 
avoided, 

He was an ideal friend, loyal and affectionate, and counting 
no service too great a demand upon-him. His ‘personality 
was very attractive and all who met him soon discovered his 
fine and noble character and were glad to be counted among 
his friends; those in the Service will, I am sure, feel that this 
tribute does him scant justice. 

It is pleasant to record’ that his own beautiful character 
found a congenial atmosphere in his home life,'where his wife 
and daughter were as charming in their way as he in his. 

It is possible that Captain Carter was a victim of the Spar- 
tan system of exercise which obtained a few years ago. Prep- 
aration for and performance of the fifty-mile walk seems to 
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have damaged his heart, and this led to his retirement in 1910. 
He continued on duty for a time, but had been failing for some 
months prior to his death, April 4, 1912. Letters from him 
received during this period were! always cheerful, with little 
about himself and much of kindness about others. 

Thus has passed away a competent and efficient officer, a 
steadfast friend, and a man of noble and unselfish character, 
who made those about him happier for having’ known him, and! 
whose memory will long be cherished as an exemplar of all 
that is best in the naval officer. 
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The banquet of the Society was held at Rauscher’s, Wash- 
ington, D..C.,.on March 9, 1912, the fiftieth anniversary of 
the battle of the Monztor and Merrimac. About 200 mem- 
bers and guests were in attendance. The toasts were as 
follows : 


“Naval Engineering from the Monztor to the Oklahoma,” 
Mr. Walter M. McFarland. 

“A Powerful Navy at Once the Guarantee and Exponent 
of a Nation’s Prosperity,” Hon. W. C. Redfield, M. C. 

“The Navy and Congress,” Hon. Albert Estopinal, M. C. 

“The Importance of Naval Engineering,” Hon. George 
v. L. Meyer, Secretary of the Navy. 

“The Navy and the People,” Hon. Joseph Cannon, M. C. 

The Toastmaster was Captain William Strother Smith, 
U.S. N. 

The committee in charge of the banquet was as follows: 

Captain William Strother Smith, U. S. Navy; Engineer- 
in-Chief C. A. McAllister, U. S. R. C. S.; Lieutenant N. H. 
Wright, U. S. Navy. 





The following new members and associates have joined the 
Society since the publication of the last JOURNAL: 
MEMBERS. 


Lauriat, Philip W., First Lieutenant, U. S. R. C. S. 
Roemer, Charles G., Second Lieutenant, U. S. R. C. S. 
Wishaar, William P., Second Lieutenant, U. S. R. C. S. 


ASSOCIATES. 


Drake, George B., N. A., 17 Battery Place, New York City. 


Gatewood, William, 327 Fifty-second Street, Newport News, 
Va. 
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Gauntlett, Fred J., The Parkwood, K Street, N. W., Wash- 
ington, D. C. 

Hamilton, Brace Hayden, Westinghouse Electric and Manu- 
facturing Company, Hibbs Building, Washington, D. C. 

Hekking, M. J., Office of Inspector of Machinery, New York 
Shipbuilding Co., Camden, N. J. 

Hutchison, M. R., Chief Engineer to and Personal Repre- 
sentative of Thomas A. Edison, Orange, N. J. 

Thayer, Horace H., Jr., Engineer and N. A., 1012 King 
Street, Wilmington, Del. 

White, William Albert, Resident Manager, Washington 

Engine Works, Washington and Leroy Streets, New 

York City. 








